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ABSTRACT

- . “

-

COCKLEBUR AND VELVETLEAF INTERFERENCE
IN SOYBEANS

'b)’\, . ' \

4

Jeffrey tﬁbﬁard Larson ' -
| 4

Pbtentigl dehéity effécts upon va}iuus components of
-sdypean (Glycine max L.} growth Qere investigated'using|
two weed épe:iés; cocklebur (ﬁgﬁ&hlgﬁ strumarium L.,
and ;elvetléaf (égggllgn ;hgnéhnagt{ Medic.), and tﬁeir
. - - ' ’
combinatiorn. Nultiplé and linear regression was used to.
est#blish'ﬁath the “cgitical times” at which signi+3c;nt
crop-weed interaction is first deée:ted, and the |
"citical weedldensit{es"-at whi;h signifiﬁant density
effects are detected through al£erations ih'crnp growth.
Tempnrai growth madels for each weed density were
developed fcr'sgybean vegetative biomass, total biomass,
reproductive biomass, pod number, leaf number qnd
height. Cuckléﬁur density stress elicited significant
reductiﬁns in smybean growth at six weeés atter
-emergence} about two weeks prior to detection in
velvetleaf treatmenés. The temporal trends in the
combination treatment paralleled thﬁse using cocklebur.
‘Significant reductions were ébserved in all the

afaorementioned énybean growth variables in response to

increasing weed density except in height, where an

iv



+

increase was detected.
Snybe‘n sé‘d yield models were developed fo explain
thi.;ffott- af season-long competition between the weed
treatments ané;sbybo;ns. The order of éqmpétitivcaenl,
as evidenced'by snyb;an séédlyield reductions are as
follows: :o:klebur>.:uq9@natlnn>-;alvotl-af. The
cuﬁpetitive effects of cﬁcklebur and ve{vetl;af do

appear to be additive in the combination treatments. The

'predicie& "critical weed densities" were identical for

—

all three wee;?treatménts.Tﬁn weeds/m of Bnybe;n—ﬁawf////
regardless of weed species, caused slgnificaAt

redutt_cns in soybean seed yield. Thus cocklebur,
velvetleat, and their caombination do pose a real threat

to saoybean crop production.
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INTRODUCTION

I. GENERAL
)-

Weaeds have*lnng posed a serious threat tao crop

+

production. Annual crop losses due to weed competition

total 11.5% of the world's total food production

r

(Chancellor, 1981). Prior to 1945, weeds were primarilly

controlled through a large assortment of cultural
= . -

. practices. Mechanical removal of weeds can be

- .accompl ished by hand-weeding, haeiné, and tillage \

»

(Fryer, 1981). These labour intensive approaches towards

t ¥
weed control are often economically unfeasible and may

produce undesirahle complications such as s0il erosion

(Mcﬁhorter and Shaw, 1982). Fire has also proved »
J -

beneficial in the removal of unwanted vegetation,

/

r

Another ;brategy involves tﬁe r;tatinn of cﬁcps‘tu‘avnid
nr'guppress waed prnblems’(ﬁryer, 1?81).

Hecbiciées have contributed to agricultural weed
control largely since World War Il. Earlier in this
century, nan—selective herbicides such as BDdiU$

chlorate were first used-{Chancellor, 1981). Being’

non-selective, both weeds and crops were déirimentally

aftfected. Persistence in the Eni{ often reduced all

A S

plant growth for a matter of years. The discovery of

plant hormones in the 1928's and the 1939°’s esmentially

led to the development of selective herbicides such as



2 BN

2,4-D, an auxin-type-nna!nggti Acceptance of 2,4-d-type

herbicides was quite rapid, and they were ﬁidely used

'

acfuls North America by the mid 1938's. Control of-
brnad-l;aved woeﬁn‘was.v.ry etficient, requiring only
19% 0¥ the capital output necessary for traditional weed
:uﬁtrni practices {(Gressel, 1975). Agriculture became
less labour 1nteﬁsive, allowing expansion of tbtal.world
grnductign acreage. )

‘The ‘shift towards herbicide use was not without
qe?eferious consequences. Persistent herbic}de use is ’
.nften a strong Bele:tiygrfprce which can quickly
el{minate susceptable weed biotypes iere;sel, 1978).-The
remaining, resistant weeds may possess the ability to
;urvive even the highest rates aof appliéétion of

: .
specific herbicides. In the early 1i979's this type of
phenomenon was aobserved in Ontario, where lambsqgarters
and redroot pigweéd were nbserved to have developed
resistence to the herbicide atrazine (Gressel, 1978).
Recent herb;cide price increases have also led many to
question the economic §easibility.uf herbicide use. In
addition, there is also a growing concern among
environmentalists about possible toxic side-effects.

Fryer {(1981) suggested that a number of Qariables be
taken into account in th; development of a sound
approach towards weed management. Foremost is a

necessary understanding of the ecology of both weeds and

crop plants. Several researchers have contributed to the



-
.

definition of a reglisiic approach towards weed contrnl,'
teqmod as "Integrated Weed Minagomcnt' (IWM) (McWhorter

. and Shaw, 1982} S:hr;lber, 1982; waik;r and Buchanan,
1982). walker.andlBuchanan‘fi982) have defined IWM as
"the application of many'ﬁindn nf.te:hpnlagfeﬁ in a
mutually supportive manner. It invnlvq? the_deliberato
selectimn,'integraiinn, an& implement&ilnn of effective

weed control measures with due cnnsidératiun of

- -~

e:nnumic; ecological, and su:iulngi:algcnnsequen:es“.
‘Within this framework is a need to c;;Bine weed
population models and overall crop production models

(McWhnrter‘and Shaw; 1982). Each crop-weed situation
presents a unique et of :ircumstan:es‘which must be
addreséed individually béfnre any genéral conclusions
pcan be made. ]

Dew (1972) w;s tne of the first to initfate the usage
of mathematical mudel;ng in the de@elupmdnt of crop-weed
interaction models. Studying the effects eﬁ wild oats on
vyields 5+ barley, wheat, and flax, he developed a simple
regression equation of the following type:

Y = a + bX vhere Y = crap yield
X = weed density
a = Y-intercept

b = regression

coefficient.
\



His model assumes that crops and w-?ds energe
siﬁultaqeuusl§. Thil type of model 1s'wnr;;51¢ and has -
been.us;a by marny researchers in a vaf§.ty of crnpfwotd
situations where a siﬁgle weed lpnci?nupﬁédéminates
{Bloomberg et al., 19825 Kirkpatrick et al., 1983;
Schweizer, 1579,'1933; Schwweizer and Bridge, 1983%
Smith, 1983; Snipes et al., 1982; Thurlow and Buchanan,
A972).

Coble and Ritter (1978) realized that the 95%
conftidence intervals of regression equations could be
used to establish weed tﬁreahold densities at which :rbp,
vield is significantly reduced., Theorett:afly, this
could provide pﬁe ot thé criteria necessary to decide
intelligently whether herﬁicide use is actually
required. However, the establishment of threshold weed
densities must alsa take into account a variety of
‘varibles such as economic feasibility. For examp;e,
ﬁarra and Carlson (1983), ﬁn determining economic
threshold weed deﬂsities with soybeans, incorporated
herblicide cost, cost of herbicide application, herbicjde
etficacy, and crop price jnta a single model. They also
realize that éhere may be extreme yearly variation which
may‘necessltate the inclusion of environmental data.
Schreiber (1982) shares a similar viewpoint wﬁen he
states th#t the inclusion of environmeptal data is
necessary to expana upen the predictive capabilities of

crop-weed interaction models. Most of the existing



+

crop-weed interaction models deal sclely with single
weed species and thums may hage lipited npplicabillty in
multiple weed sp;cies:s{tuationl.

| .Uithin thls'the;iq. I. am inVQ;figating iho ecology of
two weed species} cocklebur (Xgnthium l;;gm.;lgm L.) and
velvetleat (Abutilon thegphragtl Medic), grown singly
and in cnmbinatinp‘with -uybéanl (Glycine max L.).
ﬁnréuver, I invcstigated crop-weed interaction with
respect to the time and magnitude of potential
reductions in soybean growth due to weed competition.
The development of erop—weed interaction models may
praovide a framework necessary for an intelligent
descision of when and/or whether it Se:cmés necessary to
utilize pusi-emergent herbicides as a plausapln appro#:h

towards weed control.




S

I1. The Basis of Competition

-
£

_'The mechqni-ms for the procurement of the basic
requirements af pPlant gru;th‘and develpp;oné form the
basis of plant cnmpetitinﬁ theory. Any bamic regirement,
.i.eﬂ, {ighﬁ.‘nutriants, or water can become a iimiting
factor determining plant growth when plants ﬁr. grown in
close p?nximity. Eviden:e.6+ resource limitation is
often m;ni+ested through modifications in plant growth
and develupment.IWhén this a:eufs a plant ig said to
.have'been subjected to “density streas', to which the
plant responds throughn'mnfphnlngi:al compensations®
also known as *density effe:ts; {Harper, i???)..
Interspecific competition theory depends upocn f%q
differences among plant specie; in response to denmity
stress._There are several strateéies that are generally
used when one qf the essentials of plant growth become
limiting. When light is at a*premrum, a plant may
respondgbf increasing its height in an attempt to
overtop its competitors. Another solution to the same
problem is the expansion of the canopy by increasing
leaf number and/or leaf area. Water limitation cften
results in a reduction in total plant biomass. Some
Plants may respond by expanding their root networkl
through increases in branching and total root size.
Competition theory dictates that a plant graown under

density stress is presented with a defined energy
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budget. Efficiency in resource utilizntiaﬁ is maximized
bf the di-prnportinqate allncntlnn‘u§ energy into the

. growth of spo:ifi:'p}ant parts. Donsi#y stress gorvol_il
one nf.ﬁhé d&termining factors defining this :ritiﬁal
balance.

Harper ;f977) refers to the temporal a-ﬁtc£ of
competition when he implies ﬂh#t plngts grnﬂﬁ‘undor high
density stress are more likely to reveal density effects
before plants grown under conditions of laower density
stress. A thorough AEBcriptinn of plant competition must
address not only magnitude of den:ity o++c:t;, but also
when evidence of such is revealed thrnuéh‘dcie:tabln

modifications in plént grawth and development.




| III. PLANT GROWTH ANALYSIS

In this ?tudy I wish‘tn investigate the effects of
Q‘oa.éeﬁ;ity ﬁtress prpdu:od by cackl-bur, v#lvotl.nf,
and their combination upon aﬁyboaq ghowﬁh and
development. Pre;inus investigations of crop-weed
interaction often inveolved infrequent large harvests of
both crops and weeds (Hunt, 1982). This "traditional
approach” to crop-weed interaction is useful in the ’?
study of season-long weed degsity stress upon crup‘
vield. However, the infrequent sampling regime provides
primary data of insufficient guantity toc develop
realistic tempuraf growth models. Hunt {(1982) suggests
that a "functional approach*, ﬁtilizing frequent smaller
hardests will yield & mnré accurate description of plant
growth., Critical growth phases such as floral inifiatibn
and the beginning of senescence are mérellikeiy to be
detected using such an apprcacp. I am-using both
approaches; the 't;aditicnal approach®” investigates the
effects nf‘seasun—lung weed density stress upon the
components of soybean yield, and the "functional
approach" invéstigates temporal patterns in weed-soybean
interaction.

Several variations of the "traditional approach" to

crop-weed interaction have been employed. Slgnificant

-

differences between density tﬁeatﬁeﬁts can be detected

using multiple range tests such as those described by



Duncan and Tukey (Sokal and Rohlf, 1969). Hagood et al.
(1982) used Dugcaﬁ': multiple range test;tn d;t.:t
significant differences in density o++tc£s of velvetleaf
on Qnybeann over several harvest dqt-;. Haénod et'al.
(1981) again employed the same methodology in the
investigation of jimsonweed competition with soyb;ans.

_ Linear regression gained papularity in the 1970°'°s as a
means of describing density effects. Thurlow and
Buchanan (1972) used this methad to describe the effects
o+ sickle-pnd density upon Qoybean seed vyield. Tﬁe same
resear:he§s also utilized Duncan;s multiple range test
to detect significant density e++e=;5. Similar regimes
were emploved well into Ehe 1980°s by Snipes at al.
(1982) and Bloomberg et al. (1982) studying the effects
of cocklebur density.nn cotton and sqybeaﬁ vyields

(respectively. A major advagée in the development of crop
vyield models was the realizétinn that the 95% confidence
intervals of the regression eq;atiuns could be used £u
predict the "critical beed density” at which crop yield
is significantly reduced. Among the first to use this

I method were Cable and Ritter (1978) studying
Pennsylvania émartweed in sbybeana. Since that time many
researchers have used linear regression to predict
"*critical weed densities” in a varliety of crop-weed
situations (Coble et al, 19éll Schweizgr and Bridge,
1982; Schwelizer, 1983 . In this study Y also used linear

regressions and their 95% confidence intervals to
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predict "critical éeniitiol' of cocklebur, volv.iloaf,
and théir cu;bindtinn required to significantly reduce:
snybésn yield. 1In tgc dbv;l;;mcnt of temporal growth
quols, 5% cnnfid.n:.‘int.rva!s were also utilized to
pPredict the time at which density stress significantly
reduced soybean growth. However, before potential
crop-weed interaction can be properly addressed, tﬁo
ecolagy of the weed species 1ﬁva1ved must be defined.

fl

Grown against a constant background density of soybeans,
weed shecies'may Possibly interact ambng-th.msblven.
Such interaction may result in weeds u# diffaﬁent size;
corresponding to gpecific densitie;. Thig legds to the
query: "Will th; weeds at eaéh dens;ty elicit a sim*larl
dengity Eespnnse in soybean growth on a Per plant (weed)
basis?". By employing similar methodologies for
development of tempﬁral growth models for both weeds and
sSbybeans, a better understandi;g of weed-sBoybean systems
Can be gbtained. The approcach I am using, is to
investigate the weed species first, and then attempt to

a8pply this information to the investigation of

weed—scybean interactiaon,



. 1vV. DESCRIPTION OF VELVETLEAF #S

. Abutilon thegohrasti Medic., also known as

velvetleaf, is a member of the Malvaceae family. An
annual herbaceous plani, it reaches a height of one to
two meters (Alex and Switzer, 1974). il 1} ;haracterizo&
by soft hairy chordate leaves which are "velvety* to the
touch. |

Originally a native of southern Asia, velvetleaf iE,
+cund-throughnut the continental United States. In
several sectiéns of the U.S. it poses a threat toc cotton
.anhd soybean prndu:tiﬁni(Eatan et al, 19743 Oliver,

- 1979). UWithin Canada it is confined to southern Ontario
and Quebec where it is becoming an increasing probiem in
soybean crops (Alex and Switzerj 1974),

'

Velvetleaf has single or small clusters of bisexual
.+luwer5 arising from leaf axils of the plant. Floral P
induction is phatnperindically controlled and can be
considerably variable even within local populations.
Within Dnt;riu, velvetleat flowers +ram late July until
early September (Alex and Switzer, 1974). The {fruit is a
circular Eéed pad, (1.3-2.5 cm in diameﬁer), withﬁ12-15
carpels and 2-5 seeds per carpel. Total seed number
depends upon plant size at the time of flaral 1ndﬁction.
Open grown ﬁlantS“have been known to produce as many as

17,000 seeds per plant (Chandler and Dale, 1974). In

some studies, seed viability r?pidly declines after two

11
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years, mdkinb it a temporary sesd-bank member {(Lueschen

.and Andir-on. 1982 . iy

-
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V. DESCRIPTION OF COCKLEBUR

0

ﬁgn&higm strumarjium L.; cammnnl; knuqn ;s :ncﬁlnbur.
ks a member of the Compositae family. An annual
herbaFauﬁs plant , it grbws‘ta 20-15% cm in height
(Weaver and Lechaowicz, 1983).lThe speclies oxpresse-'
considerable morphological variation especially with
respect to the hard woedy fruit or bur, which varies in
'size.(1-3.5 cm), spine numBer, and spine length.

A major weed of cotton and soybeans in the United
States‘(Barrentine,'19?4), cocklebur ' is increasing in

—

abundance in southwestern Ontario soybean craps (Weaver
: /
and Lechowicz, 1983). The major mode of seed dispersal

is by'wqter,'accnunting for.its Eun:entrated
distribution around water cnﬁrses. Its équraphical
range includes the entire cnn£inentai U.S. and all of
the Canadian prbvinces except Newfoundland (Weaver and
Lechowicz, 1983)., This distribution 111usfrates its ,
asiliyy to survive under a vast array of environmental
cunqitians. Althuugh it can grow upon a wvariety of
. T

sﬁbstrata, cptimér growth is observed in compact, sandy
snlls (Love and Dansereau, 1959).

Cuéklebu; is a 5e!§—cnmpatible, wind-pq}linated
plant pussesslné'small green inflaorescences of both

L

sexes (Love and Dansereau, 195%9). Floral induction is
. \ :
- -
photoperiondically controlled and occurs during the

shortened days of late summer (McMillan, 1975). Although

13
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Qhe photbporindi: requirement is variable throughout its
range, ﬁnrthorn pﬁpu1at1onn +lnw§r synchronously. In
sﬁufhwast.rn Onﬁario, floral ¥nitiatinn u:curp.in
 m1d-Au9ust'+nf1nwed by +ruit-;1lling over tholnoxt two
weeks (weavef.aﬁd‘Le;hawicz{ 1983). The fruit nr\bur
number per plant varies cnnsidarabiy,'but is largely
‘dependent upon plant size at the time of floral
initiat;nn. Studies have found bur number per plant on
" open-grown ﬁlantn to range from 588 in Illinbis (Hicks,
1971 to 238 in India (Kaul, i965); The matute fruit
{or bur) contains two achenes {(gseeds), usually of

differing size. Both regquire a periocd of dormancyl the

larger seed germinates in the spring following maturity

while the smaller seed germinates later in the season or’

v

in the following year (HMicks, 1971). A study conducted
in India indicates that seed viability declines rapidly
after 18 months making it a tempafafy seed-bank member
{Kaul, £965). It is unknown whether tﬁis trend holds

true in temperate soils.



MATERIALS AND METHODS

Fi?lﬁ ht@dies were ;nnductod in 1982 and 1983 at ﬁhe
'Aériculturé‘Caﬁéaa R.se;rch Station in Harrow, Ontario,

Cnﬁada. The s©il type was a combination of Granby-and

Brady sandy loam W§th an organic ﬁ;?ter content of

2.5-2,6% and a pH af 5-5.2.- Herbicides were uﬁed‘tn

:untrni othef weeds. In both years the Jerbicidé ‘.

Alachlorywas applied pre-plant incorporated {PPI) at a !
rate of 2.5 kg’ha to control annual gr;ssea.‘ln 1982, - ;
the herbicide Linerun was applied preemergence at a
rate of 8.5 kg/ha (half the recaommended ratet{ in an
aféempt to control other broad-leaved weeds. Due to
heavy rains, it unfortunately was lethal to one of the
weed species studied (velvetleatf). Hence it wanlnot used
in 1983. Fertilizer (8-32-1& NPK) was apﬁlied at a rate
of 308 kg/ha a few days prior tu'plaqting.

‘Harcor’® sovbeans were planted in‘rnws npaced &€ éﬁ
apart at the rate of four 9@9&5/10 cm of soybean row on
ﬁay 17, 1982, and on May 3@, 1983, Cocklebur and
velvetleat were planted within 1@ cm of the adjacent
soybean row on the +nllnwing day on both years. A
campletely randomized block gesign with +nﬁf replicates
was used. Within each replicate, each density treatment
was represented by two 16 m rows isolated by a weed-free

guard row. In 1982, the deﬁsity treatments used were as

follows; weed-free, 2,4,8, and 16 cocklebur plants/m of

15
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suybeaﬁ row. Weeds were overplanted and thinned to the
prescribed densities three weeks after emergence.
Volunteer ﬁe?dg were removed weekly ;y hoeing. In 1983,
velvetleaf was plénted at 2,4,8, and 146 p}an;nlm;nf
soybean row. In a&ditiun, combination treatments
comprised of equal densities of cocklebur and velvetleaf
were also usé&. The total weed densities were 2,4,8, and
16 plants/m af‘suybean row. A siﬁgle cocklebur treatment
n% 16 plants/m was also used in an attempt to asEeES
o

variation in‘yearly growth respnnsefu

In both years in each treatment, a single soybean
piant located equidistant between two adjacent weeds was
randomly sampled startiné five weeks after.amergence
until maturity. Sampling was éohducted“weekly in 1982
and biweekly in 1983. In the control treatments
(weed-{ree),’iwa soybean pl#nts, randomly located alané
the rows, were harvested at each sampling -date.
Measqrements‘wére,taken of height, stem diameter, leaf
number, pod number, reproductive biomass (dry),
vegetative biomass (dry), and total biomass
{reproductive biomass + vegetative biomass). At
maturity, four qeters of soybeans in each density
treatment in each replicate were harvested in an attempt
to study the e%fecgs of full-season weed density sfress
upon soybean seed.yield. A pnﬁtable‘threshing machine
was utilized to isnlatelsuybean seed.

In 1982, a single weed in each treatment and
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replication was randomly sampled each week starting ¥1vc
weeks after emergence until maturity; M-asuromtnt- were
taken of height, stem diameter, leaf number, and above
ground vegetative biomass. In 1983, sampling was
condu:teg on a biweakly basis. Leaf area was also
ﬁeasured for velvetleaf through the use of a portable
leaf-area meter. In the‘combinatidn treatments, both
weed species were harvested at each sampling date.

In 1982; both soybean énd weed germination appeared
to be temporally variable. In an attempt to reauce thjﬁ
varigbility in 1983, we;ds of similar size, in areas of
consistent densityg were flagged three weeké after
" emer'gence. Soybean plants were randomly sampled at the
flagged locations throughout the summe;. Flagged weeds
wefe randomly sampled on the same dates. Hence density
etfects caﬁ_éhlyfbelcénsidered atter the time of
flagging. )

Linear and multible regression techniques were used
to develop temporal grawth models for the aforementioned
growth variables of gsoybeans with each weed species,
singly and in combination. Where density effects were
detected, 95% confidence limits of the regreasinn
equations were employed to determine the tlme-at‘which
they Teached significance. The point of divergence af
the lower 95% confidence limits of the regression
equation of the control treatment (weed-free) with the

[y

upper 95% confidence limits of the regression equatian
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ot the densjty treatments represents the time at wh{:h'
'donsity.e++e:tl are first d.tcctab!c; In addition to
developing a temﬁnral graﬁth model for each weed
density, gensity itgelf was also incorporated inta an
overall model for eacﬁ growth variable. All of the
regression equafiuns were significant at an alphi level
of 2.85.

A multiple regression analysis nf‘variance was
conducted for each weed growth variéble for each weed
species grown slngly ana ip.cumb{natiun in an attempt to
_detec£ density effects. Where &ensity e+%ec£s were
detected, temporal growth models were developed for the’
.grnwth variables at each density. The 95% confidence
limits of the regression equations were used to
determine the time at which the higher ;énsity
treatments elicited growth reépunses significantly
differemnt +rnm-those obtained at the lowest density
treatment (2 weeds/m). Where density effects were not
detected, overall tempaoral growth models {without
density) were developed to descfibe weed éruwth over
time. Again, all of thg regression equations were
significant at an alpha level of &.05.

Soybean seed vyield models were developed using the
single weed species and their combination. The 95%
confidence intervals of the regression equations were

used to determihe the "critical weed density" necessary

to elicit significant reductions in soybean seed yield.
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SECTION I

WEED RESPONSES




1.1 RESULTS
I. ‘COCKLEBUR

Intraspecitic rhsponi,: to denmity were qb--rvgd in a
variety of g?nwth.piramntorl in cocklebur in 1992.
Pre:lpi£ation data revealed éS% and 1P1% of the longterm
average-in the rn;pe:tive vears (51 year averagpi. Yet
in 1982, a drier *eér; :néklebur,grew to a much larger
slize, with greater heigﬁt, stem diameﬁer, and total leat
numﬁer compared to 1983 (based on cocklebur at 1s
plants/m in 1982 and 1983)'LP"9 of the keys to the
"year-to-year variation in growth response lies not in
total precipitation, but withﬂq ite dintr!bution
throughout the growing season (Fig. 1.1). In 1992L‘th9
plants had emerged by June 1 and had sufficient rainfal}
during the initial stages of growth. In 1983, the plants
had emerged by June 15 and were subjected to an
immediate drought of 11 days. During ;B;B ;erind plant
growth was minimal.

Multiple regression techniques were used to develop
temporal gruwlh models for both weed speéie;. In 1982,

density effects in cocklebur were reflected through
3

modifications in height, leaf number, and vegetative
biomass. Temporal models were develcped for each grawth

variable at the entire range of plant densities (Tables

1.1,1.2,1.3,1.4). To ensutre normality, some of the

20
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- Figure 1.1%
Daily precipitation in mm, recorded at Agricultural
\.
Research Station, Harrow, Ontario in 1982 (upper graph)

and 1983 (lower graph) field seasons.
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Table 1.1. Regression equations for log vegetative !

biomass (g} ve. time (weeks after emergence) for oach‘
) ‘éocklebur density in 1982, Standard errors are included

for compariscn.

SLOPES
TREATMENT INTERCEPT  WEEK WEEK™ rR:
2/m - -2.201 1.312 -%. 044 &.987
+&. 337 +B.117  +O.909 -
4/m -2.130 1.338 -0.044 ‘@.805
+0.532° +0.185 +F. 814
8/m -@.719  2.875 -3.936& 2.891
+.298 +0. 103 10.938
1é6/m -1.986 1.211 -g.861 .85

- +0.387  +0.124  +0.010
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Table 1.2. R.grc;iioh’oquatlnns for hcighﬁ {cm) vs.
time (weeks after emergence) for each cocklebur &onuity
treatment in 1982. Standard errors are included fcr

comparison.,

TREATMENT INTERCEPT SLOPE k R

1.
2/m -21.313 14,495 &.892
+5.414° +0.779
a/m -25,477 15.954 .922
+4.9863 +9.714
8/m -21.580 17.881 F.911
+5.740 +0.825
16/m -11.6465 ° 1%.890 @.877

. +5.399 +0,042

SBe e e e A
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_ Table 1.3. Regression egquations for lag leat number vS.

time (w.iﬂiliffor-omthgpn;gz for each cocklebur denmity

in ;982. Standard errors are includ.d_@5;-E6ﬁﬁhrisan--_w

(

~ SLOPES
TREATMENT INTERCEPT  WEEK week* ' rR* -
-2/m 1.145 B.674 -0.932 B.86L -
+@. 223 +B.877  +0.086
arm - 1.289° B.686 -8.033 g.725
10.344 © 18.119  18.009
%, : . t
8/m 2.356 3.312 -9.0106 2.654
8,242 | 40.084  10.006
16/m 1.501 9.513 -9.226 O. 465

+8.214 +08.086  +0.0087



——— - —

25

Table 1.4. Regreusion equations for mtem diameter (mm)

vs. time (weeks after emergence) an each cocklebur

density in 1982. Standard errdrs are included for

' comparison. : '

SLOPES.

TREATMENT INTERCEPT WEEK WEEK™
2/m 2,249 I.135 -@,139

+1.293  +0.44%  +&.033

4/m 2,159 3.309 _79.142

+1.9886 +@.689  +3.051

8/m : 2.923 2.119 -g.8469

+1.296 +8.45¢  +8.033

14/m ‘ 1.135 2.034 -3.987

+8.725 +8.2946 10.0824

+

R?.

2.826

S.728

Z.7%94

o.2927
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primary dg}a‘were 1bg-trnn,+ormed a8 nugg@:ted Qy Hunt
?bgsfly but only in cases wh&re the £Qmpnra1 growth
models were significantiy improved by doing mso. All
169—tran5fnrmatipns are natuarl leg-trinnénrmatinns“and
are referred to throughout the text as 1;9 or 1ln. in
additiun, when applicable, density was also incorporated
}n£;-an m@eFdfl“mpgel,for_qggh variable (Table 1.5).

in 1982, increases in weed density resulted -in
increases in cocklebur height. By using the 25%
confidence intervals of the regression equations for
each density, the time at which the higher denaitieg
became siéni+icant1y different from the lowest density
{2 plants/m sobean row) were ubtained: Caocklebur grown
at a density stress of 8 and 16ip1ants/m row, were
significantly taller than those at th; lowest~d§nsxty.;t
appraoximately 7 weeks after emergence (Fig. 1.2). At
maturity, caocklebur grown at 16 plants/m Qere 19% taller
than those grown at 2 plants/m. Reductions in vegetative
biomass of high density cocklebur caompared to the lowest
density were detected P weeks after emergence (Fig.
1.3). At maturity, low density plants weighed 45% more
than those of high density. Significantl; smaller stem
diameters were observed in the high density plants 182
weeks after emérgence(Fig. 1.4). At season’s end, stem
diameter was 18% greater in law density plants. Leaf
numbers were also significantiy lower in plants grown at

high density. Density effects appeared in leaf’number at

o
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Table i.S. Multiple regression eéuatinnl. 1n=arpa;it1ng
density, for height {(cm), 169 leaf number, log
vegetative biomasws, and stem diameter (mm) ve. time
(weekg'affer emergence) for cocklebur in 1982.lstandard

errors are included for comparison.

~ ‘ . SLOPES

VARIABLE  INTERCEPT DENSITY WEEK  WEEK® r*
height -25.788 1.245% 1%.897  --- g.894

+3.498 - +8.243  $8.487 -

log lea# 1.682 -0.832 9.527 -9.824 ©.729
number @156 +0.887  18.048 10.004

lag veg. -1.548 -0.027 1.181 -@.856 8.852
biomass +3.212  +8.009  +0.048 +0.00S

stem 2.712 -3.0879 2.434 -@&.895 2.751

diameter +@.744 +@. B33 +8.239 +0.018
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Figure 1.2
Seasonal pattern of veéétative biomass accumulation (log

transformed) in cocklebur grown at 2 and 16 plants/m

_soybean row. The vertical dashed line 1ndidatg= the

first msignificant difference from.the low density

'

treatment. Significant differences were not found in

cocklebur grown at 4 and 8/m soybean row.
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' .‘ ' Figure 1.3
Seasonal péitern‘n+ heighf_ihcreases_in_cu:klobur grown
at 2, 8, and 16 plants/m Buybeaﬁ rnw; The,yerti:al
dashed tine indicates the first msignificant ditference
from the low density treatment. The regfession
" predicting height at' 8 pl#nts!m was very similar to that
at 14 plants/m row and.fnrﬁreasnns af claritf wWas -
omitted from the graph (first significant difference was
also the same as '14/m}. A significant differen:e was hot

found Iin cocklebur grown at 4/m row.
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Figure i.d
Seasonal battern of leaf grnwth'(lng‘traﬁsformed lea+t
number) in cocklebur grown at 2, B; and 14 plants/m
soybean row. The dashed vertical lines indicate the
lfirst significant dif?e?encas from the low density
treatment. A significant difference was not found in

cocklebur grown at 4/m raow.
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12 and 9.weck- aftter emergence for plnnfs.gruwn a£-3 and
14/m respectively (Fig. 1.35). At maturity, :d;k!cbur
érnwn at the lowest density had 107% more leaves éhnn
high density plants. |

Cocklebur appears ta'o?hiblt a éroat deal of
mnrpholsgical plaqiicity in . growth response to density
stress. Oenerally, cocklebur grown under high density
stress tend to in;roase in height, Jhil. showgng _. -—
reductiun-‘in vegetative biomass, B§om diameter, and
leaf number. Though it }n”unknnﬁn-whether light bé;am.
limiting under cundiéinns of high density Htr;nn, the
mcdifications in cocklebur canopy structure (ie. height
and leaf number) suggest that this may be the case.

Cocklebur was studied in 1983 in twn.di++érent waysj
a single density of 146 plants/m soybean row was planted
to access yearly varfiation, cocklebur was combined with
velvetleaf to investigate interspecific density effects.
Cocklebur grew considerably more in 1982 than in 1283 (
based an £he lone cocklebur density of i1é4 plants/m grown
in 19831 Table 1.4). At maturi@y, cocklebur plants in
1982 were 25% taller, had 71% more leaves, and had a
vegetative biomass 93% greater than plants of 1983. hStem
giametér did not differ between years. Total Neéd
density did not affect any of the grawth variables
studied ;n cocklebur in the 1983 combination treatments
(Tables 1.7-1.10). I conclude thatlthe reduced growth of

1283 may have been caused by both early season drought
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and the delay in planting.dnt-.

[ PR S
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Figure 1.3
pattern of stem grawth (diam.ter& in cocklebur
2 and 14 plants/m soybean row. The dashed
Iiné indicates the firat signi*;éant difference
low density treatment. Significant differences

found in plants grown at 4 and 8 plants/m row.
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Table 1.4. Multiple regrosl!nnfequatinnlAfnr height, log

leaf number, log vegetative biomass, and stem diameter

%

ve. time (weeks after emergence) for cocklebur grown at

a dénsity of

included for

VARIABLE -

height

log leatf

number

log veq.

. biomass

stem

.diameter

16 plants/m in i§83. Standard errors are

;umparison.

INTERCEPT
-31.285

+13,232

2.422

+@.345

+1.153

2.7927

+1.424

SLOPES
WEEK WEEK
11,863 2 ==-=m-

+1.364

z.zéq\;\///;;::;

18,036
1.8861 - -9.042
+0.266 +@.014
@.656 -, -—-—--

+3.147

B.775

g.198

@&.272

&.476
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Table 1.7. Mult{plé regression analysis of variance fnr.

ditferences in cocklebur lag veg.tati&. biomass botﬁo.n

dqnsitieu over time in the combination trc;tmcntu in

-

1983, : - . ' | | .
SOURCE DF 'SUM OF SQUARES MEAN SAUARE F VALUE
Density .’ .1 g.o9522 o. o522 g.18 n&
Week - 1 116.8487 116.8487 224,48 ¥¥%
Week¥Week 1 8.6764 8.6766 - 16.47 XEX
Error o0 46.8472 .5205

N \___/
Corrected

Total 3 172.4246
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‘Table t.8. Muliiplo rcgréllion nnilylil of variance for
. differences in cu:ki'bur Hoibht‘b-two;;-d.nlitie- over

time in ﬁhe':bmblnnt!un,t;entm.ntn in 1983.

SOURCE DF SUM OF SQUARES . MEAN‘éQUAng é vALué
. \
Density 1‘ 10;8256-, 16.8256 ‘ ﬂ.ﬂ; ns
,weeg; :_. 1' 140245.2129 145245.?129 380,25 *kk
érror '93‘ 343§g.§ei1 368.8215
Corrected

Total o5 174554, 4391




Table 1.9.

Multiple reg

37

ression analysis of variance for

differences in cocklebur \lng leaf number between

densities over time in the combination treatments in

1583.
SOURCE
Deﬁsity
week
WeekiWeek
Error

Corrected

Total

DE SUM OF SQUARES

g

23

@.1321
16.9395
1.3258

33,4159

S5&.9106

MEAN S&QUARE F VALUE

2.1381
146.8395
1.3250

Z.3713

2.35 ns

43.208 *¥*¥%

3.57 ns
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Table 1.1@. Multiple rogregQian analysis of variance

for differences in cocklebur stem diameter between
' \

densities over timé in the combination treatments in

1983,

SOURCE DF  SUM OF SEUARES ' MEAN SQUARE P VALUE

‘Density 1 1.1281 1.1281 8.18 ns
4

Week 1 577.2947 - S77.25947 92.98 ¥¥%

Week¥Week 1 18,4057 ©18.40%7 3.99 ns

Error 52  s71.2145 - &. 2085

Corrected

Total ©5 1168.24509



II. VELVETLEAF

In 1983, velvqtlo§+ revealed nu.r.lpuns-- to density
stress when either plhnted’alane ar in combination with
cacklebur (Tablep 1.11-1.146). Hence tompnril growth
models wur§ developed for each gfnwth vgriabl.
irrespective of density (Table 1.17). Floral initiation
in velvetleaf began iQ weeks after emergence. Virtually
all of the temporal growth models describe declines '
alsucia#ed with seneascence at this time (Figures
1.6-1.9}.

The relative growth rate of velvetleat wa; lower than
that of cocklebur thfngghcut the Beassn (Fig. 1.18). Yet
there was no evidence of intergpecific density effects
when grown in combination with cocklebur within ther

density range examined.

39-
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Table 1.11. Multiplo;rcgreullonlanalylis of variance

for differences in velvetleaf log vegetative biomass

" between denmities over time (1283) .

' SOURCE DF SUM- OF SQUARES MEAN SAUARE F VALUE

Density 1 _ B.7628 B.7628 1.87 né
) |
Week R ' 7.9186 7.9186 11,12 %%%
- )
Week¥Week .1 23,9336 23,9336 33,62 ¥E¥
Error 92 &5.5019 6.7128
Correctéd

Total =] ?8.116%
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Table 1.12, Multiplo'rogrnssinn analysis of variance'
for differences in velvetleaf log height betwesn

densities over time (1983).

~ SOURCE ’ bF SUM OF SUARES MEAN SRUARE 'E VALUE
Density L 2.0193 2.09193 B.16 nwm
Week 1 21.7374 . 21.7374I 184.14 ***
Week¥Week 1 18,7724 .16.7724 91,26 ¥k
Error - 92 19.8403 . @.1182
Cnrrecged

Total &5 43.3894
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Table 1.13. Multiple rtgrcllibn.nnnlyiil of variance
for d1++or§ﬁco- in velvetleatf lné leaf number bitw.on

densities over time (1983).

.

AsoﬁRce DF SUM OF SQUARES MEAN SGUARE F VALUE
Density 1 F.1796 .17%96 1.6é ns
week 1 .'2.3159 : 2.3159 . 21.08 ¥%%
week*wegf 1 B.7570 8.7570 &.89 X
Error 92 1. 1251 &.1398

Corrected

Total @S . 13.3576



Table 1.14. Multiblt‘rogrougion nnnlysil of variance

for differences in v.Lvetl.éf log total leaf area

between donsit{oﬁ over time (1983).

SQUR&E
Denutty
Veek .
WeekiWeek

Error

Corrected

Total

DF SUM OF SQUARES MEAN SQUARE F VALUE

?2

?5

1.086%6
B.3163
57.2433

68.2283

1246. 46254

1.8656

B.3163

57.2433

a,7321

1.44 ns

&.43 ne

77.45 ¥%%
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Table 1.15. Multiple regression analysis of variance

for ditferences in velvetleaf log stem diameter between

densities over time (;983).'

SOURCE

Density

‘Week

WeaekiWeek

Error

Corrected

Total

DF SUM OF SQUARES MEAN SAUARE F VALUE

22

?5

3.1497

2.4628

3.2338

8.3%22-

14.2475

+

3.1497

2.4428

3.2358

.07213

£

1.4649 ns
246.98 i

35.44 %X
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Table 1'16'. Multiple regression analysis of ynrianc.‘

tor differences in velvetleaf log v‘gotativ- biomass

'
.

between densities over time in the combination

treatments in 1993.

SOURCE | bF .suﬁ OF SQUARES MEAN SAUARE F VALUE
Density t 2.%5844 2.5844 2.55-n=
Weak 1 26. 9749 ;26.99§9 26.58 *k¥%
Week*Week "1 12.5%946& ; 12.5988 12.49‘***
'Error_-- 2 93.4211 1.9154

Corrected ‘ﬁ

Total S 135.5972 -



Tablo‘1.17. Multiple- regression equations for laog
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height, log Iea%_number, log leaf area, losfv.gctativc

’ Blumaus,‘and log stem diametér vs. time {(weeks after

emergence) for velvetleaf in 1983 (using pooled

éensities). Standard errors are included

VARIABLE

log height -

log leat -

number

log leaf’

area

log veg.

biomass

log stem

diameter

INTERCEPT
-1.248
+3, 287
1.042

+08.244

-3.779

*0.623

~-6.363

+@. 697

-1.8%96

+0.25%

WEEK
&.848

*B.364

&.1468

+d. 856

'>§839

+8.144

1.145

0. 161

&.499

+3.0958

SLOPES

+or comparison.

WEEK™

+0.0083

~Z.0812

+8.083

-9.095

+0.808

~-g.054

+0. 008

~“d.219

+0. 903

2.700

3.245

#.454

g.289?

g.313
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Figure 1.6
Seasonal patlern of vegetative biomass accumulation (log
transfokmed} in velvetleat (pooled densities). Means are

log transformed and include standard errars..
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P . ‘Figure 1.7
] .
Seasonal ﬁéttern of height increases (log transformed)

in velvetleaf {(pooled densities). Means are log

‘tfanSfurmed.and'in:lude'standard errors.
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 Figure 1.8
Seasonal battern of leaf growth (lug.trénsfnrmed leaf
number}) in velvotléaf (pooled densities). Means are log

transformed and. include standard errors.
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Figure 1.9
Seasonal pattern of leaf growth {lag transformed leaf

area) 1ﬁ velve{leaf (pooled denaities). Means are log

transformed and inglude standaﬁd.errnfs.
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Figure 1,19

Seasonal patterns of relative growth rates (calculated

fraom vegetative'biomaqs) of cocklebur and velvetleaf

-

grown at 146 plants/m soybean row. The solid line
represents the relative growth rate of cocklebur and the

dashed lina.tﬁat of velvetleaf.
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1.2 DISCUSSION

“In thin_lqctinﬁ; I have indicated wh;thcr denmity
oi*éétu e;n E;'detectcd.in cqcklcbur'and vo!veﬁ!-af
lgrnwn under field.conditiohs with constant soybean
density. In addit}gn, when density effects were

detected, I determined a time at which they became

significant.

En&irubm-ngal vdh}abillt; pay'ihfluen:e tﬁ; magnitude
of ﬂensity stress; The literature presents cantradictpry
exaﬁpLes cf specific densities of a single species
'rﬁquired to elicit density efféctﬁ; Kirkpatrick et al.
{1983) found eviden&e of competitive interaction in
jimaonweéd Elansﬁl at 1.6.p1ant=1m soybean row. However,
‘Hagdud et al. (£981) found that jimsonweed vbgetativq

biomass: was /reduced only at densities graeater Ehan 8
plants/sq.jﬁ,_Short term-studig;.are often of
insutficient length to detect density effects because of
" year—to-year varlation. Many researchers use veﬁy Iow
weed densities and expect to observe reductions in
crbp—plant grovth. Thies appears to be a consequence of
experimental éenigni-the common ;oal is to detect

‘ dénait? effecta in the associated crop plant while
lghdring pdten£1a1 effects nf-weedfintera:tinn. 1
beiieve that a thorough investigation of craop-weed

interaction should also 1né1ﬁde a description of weed

grawth within the crop-weed compléex.

52
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In 1992, cn:kl-bur oxhibit-d dcnlity 0++-cts in .a
variety of growth pnrnm.tort. Cuckl.bur grown under high
dens!ty ltr.ll were taller, had fewer leavon, smaller
stem diameters, and E-ductd‘vogoﬁativ. biomass when
cumpar.d tnfhlantu~growﬁ at lower densities. This is in
-agrt.m-nt with Bloomberg etl;l. (1988) who found limllar
reductions in vegetativo btumasl in cocklebur when growh
with'inyboanl.‘ *
Multiple regressions were used to develop tempbr#l
growth models for ea;h of the growth varlaﬁles
aforementioned. Modifying an apprnach.uf Euble and
Rittef-(i??Bf, the dtvergence point of the 95%
confidence intervals of the éﬁowth.curvcs for <ach
density were calculated to obtain the time at which
dehsity effe;ts appeared. Generally, plants grown under
high density stress will reveal density effects before
those grown under conditions of lower density stress
(Harpef, 1977). I also agree with H;;peh'thaf density
stress differentially affects differenrt growth
variables. This is also true on a temporal basisi
5ighi§icant ditferences between high and low density
cocklebur were detected in height, vegetative biamass;
leat number, and stem diameter at 7, ¥, ¥, and 18 weeks
after emergen:e.respéctively.

In 1983, cocklebur was grown alone at 146 plants/m

soybean row, and in combination with velvetleat at total

weed densities of 2,4,8, and 16 plants/m row. Total
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.:n:kl.bd}lgrnwth:wl; reduced 16 1?33.-pr1m?r11§ bicaﬁl.'
of‘tho lnt.r'blnnting date and thl drnught'during the
critical stages of early plant grnwih. No density
.f%act- were d;t-:ted.ﬁhth cocklebur was gﬁuwn in
_:dmbingtioh:witﬁ lev.tlcaf. This ia impartaﬁ£ @hon
addressing the problem of ﬁa£ant1a1_addit1§1ty o+t
competitive éffe:t5‘6§ cocklebur and Qolvatleaf upon
suyb;an growth (see Section 2).

'In 1983, ;elvetlenf did not respond tn‘dgnnity stresa
either when grown alone or in cnmbinatinn.with
cocklebur., Chandler (19775 found evidence of interaction
bétween ve}vetlea+ at S pl;ntslm of soybean row. The
detection of density effects in velv.tleaf,ﬁay also
depend upon environmental conditions. Hagood et al.
(19892} found density responses during a dry year but not
in a year ot abqve.average'pre:ipitatinn.This is common
in studies where data is collected over different years
and in different locales. The resulting lack af
agreement in findings reiterates the:ne:essity of the
inclusion of environmental data in predictive modeling.
(Schreiber, 1982), It has been suggested that the major
" mode of competition in Abutilon 16vnlves‘me:haninms such -
as incregnes in haight (Lee and ﬁazzaz, 1988). This
implies that competition +nr‘119ht may be 1mpnrtaht.
Although no specific densitx responses were dete:t;d, it

appeared that floral initiation was delhyed by

" approximately four to five days in the highest density-
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treatment (16 total weeds/m row).

‘,,,
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1.3 SUMMARY B -

-~

Multiple,rtgreil{nn techniques were used to develop .

.

tempural‘érnwth models for afvéricty'nf grawth

parameters in cuﬁklépur qn&'yelvetle;f. Witg &u:klipur,
densigy e++ects_were'getgcted ih 1982 enabling the
inclﬁsicn of deﬁsit& %n thg‘teﬁpo;a} growth models. The
ﬁr?di:tiQe‘madels'were ﬁséd to estiﬁate the timé at’

which density effects appeared for @ach variable.

:Density effects were first nbserQed in cocklebur in

height andlleaf number, suggesting that competition for

€

light may constitute the main mode of competition.

Zimmerman (1983) measured light levels within the chhapy

" structure of monocultures of high and low density

cocklebur.. He confirms that the main mode of cdmpetit;bh‘
in cocklebur grown undetr agri:ultural.cunditinhs is
indeed that of :umpetitian for light. In 1983, cn:kleb;r
growth waé Feduced, bﬁt there was no evidence of density
effects when grown in combination with velvetleaf.
Measurements of velvetleaf revealed ﬁo_evidenﬁu‘nf
competitive stress undér similar conditions. It appears
that envirqnmental v#riabil;ty.dned play a lérge role in
the development of temporal growth models and it should
be incorporated i+ they are to be‘nf more than Iimited
applicability. This Eequires experimentation on é very

large ecale with density responses to be catalogued

56
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« SECTION I1I

SOYBEAN RESPONSES

?
- o
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.- | éﬁl RESULTS™
| I. COCKLEBUR
A. GROWTH ANALYSIS
Soybean growth was characteristically logistic in all
.denaity treatments (Fig;LZ.i). The accumulation of
vegetative b{nméés declined rapidly‘;ﬁélve éeaks after
emergence primariiy due to the initiation of leaf
senescence. Tnfai biomass leveled off at mat#rity as
_ . .cnnsequence of the cessation of reproductive growth
\\‘ , (Fig. 2.1). At mat;riﬁy, soybeans grown unde:‘highA
cocklebu; densiéy stress (1é plagtslﬁ raw) were
signifdcanﬁiy sﬁaller fhan the coﬁtrnl plants both in .
terms of vegetative and total biomass. These tren@s were, -

consistent over both years of the stﬁdy (Figures

2.1,2.2),

.

Multilinear regression of the natural lagarithm of
the vegetative biomass and'the'nathal logarithm of the
’ total biomass over time using linea; and squared terms
were calculated for ea;;lcccklebur density tfablas
““—““\§.1,2.2). In 1982, the individual equations p:ovfded
good apprnx}mations fg the data with rR* values ranging
from 8.62 to @.77 for ln vegetative biomass, and $.72 to
ﬁ.éS for 1n total biumaﬁs. Density was also in:orpnrated
into an overall quatian for each of the aforementioned

growth variables (Table 2.3). R* values bf @.68 and 2.77

were obtained for the reégressions of In vegetative



Relationship between vegetative biomass (uppdr graph),

60

Figure 2,1

~ -

total biomass (lower graph), and week in soybeans grown

in cocklebur density treatments in 1982. The vertical

dashed lines indicate the firsat signif!cant differences

fraom the control treatments tweed-free). Signiticant

qiffereh:es were not found in soybean plants grown at 2
. : . L}
and 4 cocklebur/m row.
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Fﬁg@re 2.2
,Rglatfnnshi# between vegetntivé'biomais (upper graph),
‘total b;dmasa (Léwer‘graph), and week in saybeéns grown
iﬁ cn:klebur‘density treatments in 1993. The verticalA
dashed ltpgs indicate the first significant differéncan

~from the control! treatments {(weed-free!}.
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. Table. 2.1. R-gr.iliun equations of soybean vegetative
biomass (log transformed) vs. time for cocklebur d.niity‘

téontm;hts in 1982. Standard errors are included- for

comparison.
: SLOPES .
TREATMENT  INTERCEPT  WEEK' ~ week”® R”
g/m . =3.858 1.245 -8.054 8,660
+0.303 48.865 +8. BT -
2/m : -4.942 1.236 -6.054 9.771
0, 637 C o+, 143 10.08087
a/m _ -3.883 . 1.234 -@.055  ©.614
+3.876 3. 196 +@3. 310
8/m -3.344 1.184  -0.958 B.677
+8.668 +0.150 +0. 908
16/m -2.1083 B.778 -3.032 &.651

+0. 602 40,135 20,007
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fablq 2.2. Regression equations of soybean tntai
biomams {(log tran;farmed) VE. Eim; for - cocklebur denlit?
treatments in 1982. Standard Qﬁrur| gno 1;:1uaod:fo;

"

comparison.

SLOPES
TREATMENT INTERCEPT WEEK WEEK > R™.
S/m -3.205 1.849  -g.0240 B.7465
. +3.285% 8.861  +B.903
2/m -3.552 1.977 -3.042 9.849
+0.589 +@. 132 +0. 0087
4/m -3.425 1.885 . ~-3.943 2.720
+8.81% +9.183 10,089 ’
8/m -2.853 9.944 -9.338 &.748
20,4662  105.149 +0.0808
1&67/m -1.695 2.63%  -3.p22 B.761

+0,584 +F.131 +0.007
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‘Table 2.3, Regression .quatiu;;} including donniﬁy,,fnr

soybean vegetative biomass, total' biomass, reproductive

biomass, pod number, leaf number, and height (all log

transformed) vas. time for cocklebur density treatments

in 1982, Standard errors are included for comparison.

VARIABLE INTERCEPT
Vegetative -3.531
Biomass +0.234
Total. -2,939
Biomass 8,222

Repraoductive

-

Bliomass

Pod

Number

Leaf

Number

Height .

—-22. 677

+0. 651

-17.&4083

+3.711

-1.398

0,336

1.792

+3.061

DENSITY

-J.937

C o+, 805

+0, 205

-¢. 051

+0.907

+3.008

-&.0835

+0.0906

' B.993

+0.0802

‘SLOPES

WEEK
1.181

+9.851

1.0008

- 4@.048

3. 4607

+8.123

3.413

+@.135

g.788

+0.064

2.590

LB, B819

) - ) L
WEEK' R,
-9.052 0.4647

+0.003

-9.938 3,770

+0. 002

—g.126 B.%1%

+0. 986

-J.131 g.0824

+0.036

-g. 050 J.416
+F. 003

+8.0861
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.yéars, ?S5% confidence intervals of the regression
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»

biomass and 1n tutai biomass rero:t}vely. In 1983, when
nnly_high'density cocklebur (1& piants/m row) were

ﬁlan@ed to assess yearly vqﬁiatién, R* values of ©.48

IS

and #.746 were obtained for the negreﬁsionn of 1n
vegetative bicmasé and 1n total! biomass (Table 2.4).
Sample sizes were too small at any particular harvest

to reveal significant differences between density

treatments by Qsing a multiple range test. In both

&

equations were utilized to define the time at which
density stress elicited effects which differed
significantly from thé cuntrﬁl-treatmedt iweed—+ree).
Snybéans_gfd&n under the highest density stress (1é&
weeds/m row) should exhibit density effects before.
soybeans grown under Inwér densiﬁy stresg. In this
Eespect, tbe reﬁpunses of both vegetative and total
biomass are similarj plants_grnwn un&er high density

o

stress (14 cocklebur/m raw) shaowing reductions six weeks

after emergence., The trends were cnnsisient aver ;uth
vears of tLe study (F{éures 2.1,2.2).

In 1982, there were &ensity effectgvdate:ted,in
cacklebur vegetative biomass (see section }). The
1nclusinn of a wélghted density Qariable-(?u:klebur
vegetative biomass % cocklebur denaity) in the temporal
ércwth médel fnr soybean vegetative biomass did nat

result in a signiticant improvement in the model (Table

2ﬂ4a). Apparently ecach cocklebur plant elicits an effect
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Table 2.4. Rhgrcisinn egquations for soybean v.gotitivq

biomass, total biomass, reprodu:ﬁivo_binmali. pad
number, and leaf number {all 1&g transformed) vs. time
for the cocklebur density treatment ot 16 plants/m in

~

19683, Standard erruﬁs are included for comparison.

SLOPES

. : R ' 2
VARIABLE : INTERCEPT WEEK - . WEEK™ R
Vegetative -2.566  ©.825 -g.838 - ©.481
Biomass +1.2%8 +@.254 +@.B13
Total . -2.137 8.679 @826 | B.764
Biomass +3.827 +8.191 © ©  +0.0108
Reproductive -19.842  3.049 -F.113 . @.927
‘Biomass +3.872  +8.576 16,0264
Pod -14.778 3.020 -3.127 8.826
Number w +3,.245 . 608 +8.828
Leaf -0. 405 B.643 -B.836 B.416

Number *@3.817 +9.18%9 +8.0108
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Table 2.4a. Multiple regression analysis of variance

for diff.;enceu in soybean lpg v,gntativo-binmanu

between densities éver.timg in cacklebur density

treatments in 1982.

SOURCE'

\

DF SUM OF SAUARES MEAN SQUARE F VALUE

Den¥#Cocklebur 1

Veg. Biomass

Week

Week¥Week

N

Error

Corrected-

Total

492

495

I3

B.9768

163, 9243

113.1826

143,.922%

+ i

A421. 1067

.9768 “3.39 ns
1
163.8243 SS7.30 KRE
113, 1826 386.91 Xk¥E
o.2925
’ Y
2
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N upon_doyhéqn growth based upon den.ity Faih.r than plant

sire.

In summary, snybqan.grbwth (vegetative and total

o . biomass) iz reduced under :nnditiuﬁs.nf high cocklebur
“denmity ;fﬁess.'eruwih {n'sgfﬁggplblants,grown‘under
high ;qcklebur density'streas i8 reduced sooner and in
gfeate}Amagnifdde than'tﬁnse‘grnwh under léw density

stress.

B. FRUIT PRODUCTION . ' -

| . 7- N \{he accumulation of repruductive binm#ss was .
T‘T;f‘ﬁ\\s\\‘gaaérally lngisti; thrnughout the gruwing seasnn (Fig.

| 2.3). Floral initiaticn c:curred by the seventh week
atter emergen:e in all density treatments. The maiority
of pnd filling a:cured between the ninth and twelveth
weéks after emergence. Soybeans grown with h!gh density
cucklebﬁr‘had significaﬁtly-ldwer rép;nductive biomass

géﬁd pod numbers. than the cantrol plants. These
reductinns were consistent over bnth year; (Figures
2.3, 2.4).

(hj/’ 'f Mu;tiple regression was used to dgvelup_temporal“

| ‘grawth\mcdels %or'bath_naturai laogarithm repruductive'
binmasg and n;tgral logarithm poa number (Tables'

2.5,2.6). The regression eqhatinné‘fnr ln reproductive

.

binméss described the datalquite'well with R values

; ' ranging from .91 to 9.92. The Rm values for the
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'Figuﬁg 2.3
Relationship between‘réprnductivé biomass (upper graph},
pod number {(lower graph), and week;in soybeans grown in

cocklebur density troatﬁents in 1292. The vertical

»

dashed lines indicate the first signiticant differences

‘from the control treatments (weed-free). Signifi:ant

»

differences were not found “in soybean plants grown at 2

"and 4 cocklebur/m row. o

: '
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Figure 2.4

:Relatiunship between reprnducfive biomass iupper.graphl.

- pod number {(lower graph), and week in soybeans grown in

cocklebur density treatments in 1%83. The vertical
dashed lines indicate the first Bigni+1c§nt differences

from the control treatmentsz {(weed-free).
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Table 2.5. Rjireu-inn equations of soybean
reproductive biomass {(log transformed) vs. time for

cacklebur density tréatm.nts in 1982. Standard errors

are included for comparison.

. ' SLOPES
TREaTMEQ{ INTERCEPT WEEK  WEEK™ rRY
Brm - -23.248 . 3.4657 -3.4308 2.923
- x8.789% +8.149  +8.807 ‘
.Sn\
2/m -22.300 3.518  -8.123 .91 A )
) +2.422 +6.45% . +@.621 _ -
o
_4/mf:) -22. 657 3.619 “B.129. g.521 '
. 2,198 +0.416 +8.019
. ) -,
8/m -22.215 3.47¢6  -9.123 8.907
L +2.3469 +&.,449 +8.820
- . ” ’ 3 i
1 -t
1&6/m -20.508 3.095 ~3.195 - £.918
+2.209 ig.418 £B.B19
&
i



72 _
- . . . i t
Table 2.56. Regression equations of soybean ﬁnd number

{log tranxformed) vs. time fdr-:ockltbur d&nqity

r

treatments in,1982. Standard errors are included for

comparison. .-

SLOPES
' - 2 ' 2.
TREATMENT  INTERCEPT  WEEK WEEK R
g/m . -18, 453 3.562 -g.137 o.8408
+.853 13,161 AB.807
2/m . -16,313 - 3.139 -3.126  '©.817
+2.481 10,478 +9.821
. 4/m -19.818 - 3.439 -3.142 @.801
+2.815 +3.533 +0.024
a/m ~14.357 3.131 -g.121 o.805
+2.438 +0.462 +0.821
3
 1&7m -13.401 2.553 -0.05%6 8.787
+2.384 +9.451 +0.021

e ——————
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1ﬂdividu§1 rogrelgion equations for #:ﬂhnd.numbcr were
more vériabl‘l ranginé,fram_ﬂ.?? to 2.84. The dv.rall
models, incorporating density, provided .x:olléng'f{tu
' to the data with R* values of .92 for 1in reproductive
B;dmass and .83 for 1n pod number (Table 2;3).
Ut}liziné the 9%% cdnfidence intervals of the

regression equations, the time a% which dgnﬁity effects
became significant were obtained. In 1982, soybeans
grown under high density stress (16 cn:klebur!m row)
exhisitei Bigni+;cant reductions in both reproduct;va
biomass and pod number at eight and nine weéks after.

. ] .

‘emergence respectively (Fig. 2.3). At 8 cocklebur/m,

~
L} -

 reductions in the aforementioned variables occurred one
week later than in the.highEst density'treatment.
Similar tempcral trends were detected in 1283 (Fig.
2.4). The averall tempnral equatiuns ﬁredict similar
reductions at maturity for both reproductive biomass and
pdd numbgr. The twao afo;ementicned criteria may suggest
that density stress may elicit its effect at the time of
floral 1n1tiatiqn or shuftly thereafter. Evidence of the.
manisfestation of density effects is pre;ent before
pcd—;illing begins. This tFenq is :oﬁsistent over both
vears. - -
3

In summary, theuteﬁgaral grdwth models predict
significant reductions in reproductive biomass and pod
number in both of the high denéity'cccklebur treatments

{8,146 cocklebur/m row) when compared to the control.



.

These effects are present. very early, :erzlinly before

pnd—ftlliné bfgins. . ' ) S
C. CANOPY DEQELbPMENT

Canopy development in soybeans is largely dependent

upon increases in plant height and leaf number (and/or

"leaf area). In i’82, when subjected to cocklebur density

"~ —

stress, soybean height w#s significantly hffgcto& ?Table
2.3). Significant inéreases in soybean height wefe
detected in the cq:kleﬁur density treatments. Soybean .
leaf number increaéed along a guadratic trajectary until
nine to ten weeks after eme;geﬁce at which time leaf
senescence began }Fig. 2.5). At that time, =soybean
plants grown.under conditions of high density stress *
8,16 cocklebur/m row) had significantly fewer leaves
than the ;6ntrcl plants. The rates of leat senescence

from this point on appeared to be similar across all

densities, ¢ ¢

Temporal growth médels were-develuped +or each
density of natural logarithm leaf number using multiple
regression techniques (Table 2.7). The temporal growth
models provided a falr approximation of the actual data
with R™ values ranging from ©.33 to 9.42.(Table 2.7);
The overall model incorporating density had an Rg'value

-~

of #.42 (Table 2.3). Although temporal growth models

were developed for‘napural logarithm height at each
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Figure 2.5
Relationsﬁip between lea+t numpir and week in inyb;;ns
grbwnﬁin cocklebur density treatments in 19923 The‘
vertical dashed linaes indicate the first significant
d}+f&ren:e= from tﬂo control treatmen£ (woed-free)..

Significant differences were not found in soybean plants

grown at 2 and 4 cocklebur/m.row.

-y
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~Fi9ure 2.6
Ralntinﬁship between leaf number dné week 1n-=9ybéan=
grnwn-{n cocklebur density trga£ments in 1983.HThq-
vertical dashed lines indicate the %iﬁst Bignificaﬁ£

difference from the control treatment (weed-free).
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Table 2.7. Regression equations of soybean 1clf hrumber
%¢¢ {log transformed) vs. time for cocklebur density

/ treatments in 1982. Standard errors are in:ludod.fnn
! . :

~ comparison.

. SLOPES
TREATMENT  INTERCEPT  WEEK WEEK © R*
&/m -1.734 C 1.848  -2.953 &.3%54
+8.461 T +@.093 2. 084
2/m -1.653 1,081 -3.952 &. 482
+0.855 +G.192 +3.010
4/m -1.978 1.0855 -0, 854 . 386
+0.962 10,216 +@.011
8/m © -1.461 g.975 —@. 953 G.a422 .
N +@.849 +3. 159 +8.010
16/m —3.819 8.76%9 -g.048  ©.334

+9.773 +F.173 +0. 009
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R

donnfty, signifté;n£ differences were not &-ioataﬁie
between Jenlities d@é tofvariabllitf_which Eésu}ta; in
uverlappiqg-95% cnn%idén:e intervals. Howev;r; when -.-
density _was incorporated into an overall model for ln:_

height, it was significant (Table .2.3). The overall

model for ln height had an R* value of ©.8S.

The 5% c§n+idnce intervals qf the régros:iﬁn
equations were utilized gn determine the time at which
densit? effects became significant. in both Years of the
;tudy, the highest density cocklebur treatment (16/m
rnL) exhibited significant density effects between six
and seven weeks afterlemergence {Figures 2.5,2.6): in
1982, cocklebur grown at a density of 8/m revealed
density effects nine)weeks'after emergence. Density

i

effects were not signifitani at lo;;r cocklebur

densities.

-

In summary, soybean canopy development was altered by

high cucklebur density stress. Canopy development wass

atfected by changes in plant height, and by different

rates of leaf development. Compensations in soybean leaf

number in response to cocklebur density stress may imply

that one of the modes of - interaction involves mechanisms

af ccﬁpetitidn for light. This has significant
implications in gnybean development. Theﬂinitiatinn of
leaf senescence appears to be accompanied by pod-filling
indicting a shift in resource allocation within the

plant.



II. VELVETLEAF: . B

s

-

A. GROWTH ANALYSIS

The accumulation of vegttgtivc binma-; when soybeans
are grown with velQeﬁleaf_dcclincd”twelvc weeks after

-

emergence primarily due‘tollbaf senescence ;F;gc
Total blnm#ss Increasod'until seasun‘ﬁ-qé¢fﬂ£;gf1£- -
leveled off as a consequence of the cés;aifon of
reproductive gréwth (Fié. é.?). At maturity, soybeans
grown under the entire r;nge‘uf velvetieaf densities
Qere significantly smaller than the contral plants in
terms of vegetative and total biomams. (Fig. 2.7).
Multiple regréﬁnfnn te:hniquen were weed to develop

tempcr§1 grdwth models for natural lagarithmivegetative
biomass and natural logarithm total bicmass. The models
explained the data very well (Tables 2.9,2.9). rR: values
for ;ha regrassion equatians of the iﬁdividuql dgnsiby
trgatments ranged +ram-q.é4 to 0.80 for 1ln vegetative
biomass, and from 3.79 to ﬂ.é? for 1ln total biomask. The
incorpération of density into én overall m;de1'§ielded R™

values of @.76 far 1n veget#tfve biomass, and .86 faor
in total biomass (Table 2.108) .

The 95% confidence intervals ;+ the regression
equat{nné were utilized to def;ne the time at which

density effects became signifi:ant..Soybeans grawn with

high velvetleaf densities show evidence of density

-

79

2.70.
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Figure 2.7 ' - l‘;
Relattﬁnship between.veggiétiv; blnmasa_tupper.éraph),
total bimmasg (lower graph}, and:weqk in. soybeans grown
in velvetleaf density treatments in 1983, th; d§Iho&
vertical lines indicate 'the first 519n1+i:a;tA' |
differences from the ca;trnl treatméntu‘(w-od;free).
P!pngs groﬁh‘at 2 velvetleaf/m were signif;ﬁantly .
d¢++eren£’+rom thé control treatments at i1 weeks after

. v
emergence for both variables.
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. ] .

Table 2.8. Regression equations of wmoybean vegetative

» -
biomass {log transformed) vs. time for voLvetleaf

dénslty tfeatmants‘in 1983, Standard errors are included

for cﬁmparisun. : ¢
SLOPES ‘ .
*TREATMENT  INTERCEPT _ WEEK wEEK1F‘ R*
RN ' L , .
\&Blm -3.936 1.812  -2.843 - '§.799
“ | 40,272 +@.963  +0.003

2/m -3.333 1.873 ~3.04% 3.718
t +0.868 +9.305  +9.0811

a/m ¥ -4.226 "1.26% | -B.0859 9,752
+3.5882 +3.204  +@.011
- ‘

" 8/m -4.371 1.298  -9.262 2.745
+3. 8OS +9. 188 +E. o1

16/m -3.947 1.175 -@.@Ss5  g.s641

11.§f?\ +8.238  +@.813
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Table 2.9. ?ﬁogrension equations of ‘soybean total

biomass (log transformed} vs. time for velvetleaf

L3

density treatments in ;953.'Standard errors are included

- . ”
for comparison. :

ar

SLOPES
TREATMENT ~ INTERCEPT  WEEK week® R* -
.
 @/m . -2.348 8.795  -B.827  £.894
+8.247 10,057  +0.903
2/m -2.646 £.857 ~ -9.832  @g.828 . A
+3.850 +2.197 0,010 A
T o~
a/m -3.335 1.006  -9.048  9.835
+0.859 £0.199  +8.010
, . A
8/m - -3.804 1.115 -2.248 Q.827
_ +0.808 +8.187  +B.010 )
16/m -3.616  1.852 | -B.044 2,792

+0.892 +0.266 +8.911



2 ) 83
Table 2.18. Rog;il-inn equations,: including &in:ity, of
-oybo;n Qegethtivc ginman-, totgl biomass, reprnad:tiﬁe'
btaﬁaﬁ:, pod numb;r; leaf ;qmbéﬁ, and height .{all lopg

. -

transformed) ve. time +for velveﬁleaf‘traatments:in 1983.

Standard enrors are included for comparison.

" SLOPES
UVARIABLE  INTERCEPT DENSITY' iWEEK WEEK™ R%
Uegetativé, -3.247 | -p.@g4ag ?'1.076 -@.08498 5.753
Biomass 16.244 0. 205 Tgﬁ.ﬁSé +@.903 | '
¢ .
Total -2.578  -g.841 9.866 -3.031  .859
Biomass 0. 230 +3. 805 18,953 +0.083
Reprod.  -19.143 -3.048 . 3I.068 ! -0.187 6;929
Biomass +0.994 10,067 +9.186  +8.008
J

Pod -17.836 -2. 0459 3.467 -8.141  ©.75S
Number +1.238 B, PSS +8.232  +8.011

: s
Leaf -2.093  -@.028 1.832 -0.854 0,420
Number +0.327 +0. 887 +10.875  +0.0084

‘ ‘

Height -9.245 -9 .985 g.85%9 -F.036 0.914

9,121  1B.002 +3.0928 3. 91



patterns with respect to the temporal aspect of .

84

effects mooner than plants lubjoct;dliu lDNIP.d;ﬁlit;;l.
Buth‘voéctntivc‘and total biomass follow Iimil#r.
{nteﬁa:tion (Fig. 2.7).'EVié;ﬁ:i n; d;nnity stress
appeared eight weeks after omérgon:. in the highest
velgetlgaf density‘treatmant (16 plants/m row) and about
eleven weeks after emergence in the lnwoﬁt.d.nsity
treatment (2 plants/m row).

In summa;y, inyb.an growth (vegetative and total
Bi;mass) was Bignificantly reduced by the entire raﬁge.
o+f veivetleaf densities temted. Reductions in vegetative
and total biomass were comparable. Higher velvetleaf

density elicited density effects in soybeans sooner and

in greater magnitude than did lower velvetleaf density.

B. FﬁUIT PRODUCTICN

Reproductive growth in these soybeans was logistic
throughait the growing season for all velvetleaf density
treatments (Fig 2.8). Floral {nitiatiun o::uqed
synchronously hcrﬁss all treatments approximately seven
weékg'after emergence. Most pod-+filling took plé:e
between nine and twelve weeks after emer-gem:e.l
Reproductive biomass was Hfgnificantly.reduced under all
conditions af vqlvetleaf density stress when compared to

the control treatments (Fig. 2.8). Pod number was

reduced only in response to the higher velvetleaf

~d
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Figurq 2.8
Refationship between.reprndu:tiyé binﬁans (upper graph),
pod number tlower graph), and week in soybeﬁﬁh grown in
velvétleaf hens;ty treatments in ;983. The dashed
verti:al'lin?s 1ndi:a§e the firast significant
d1++erenee; from the cuntrﬁl treatmen£s (wgéd¥+ﬁeé). Not
indicated - on the upper graph %nr reasons of clarity, are
ﬁlants grown at 4 and 8 velvetleaft/m rgu, which were
Eigni?icantly differ;nt from the control. treatments at

1% and 11 weeks after emergencéﬁfespectiVely.

1

Significant differences wene not found in pod number in
plabhts grown at Gejvetlea4“densities of 2 and 4/m row.

\
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Table 2.11. Regression oqqitinns'n+ soybean

reproductive biomass (log transformed) vs. time for

velvetleat denmity treatments in 1783. Standard errors

are included for comparison.

TREATMENT

&g/m

q4/m

S/m

16/m

INTERCEPT

-19.276

+1.932

~
-15.858

+3.445

-14.425

+3.4%8

-23.744

+4.,651

-23.145

+3.321

SLOPES

¥ WEEK

3.958

10,193

2.396

+@. 646

2.14%9

+10.448

3.929

T +@A.872

3.85%

+0. 623

WEEK®*

-8.105
+0.0297
-0.877

+0. 0329

-J. 0869

+0. 0829

-9.159

+0. 043

-g.149

+3.028

g.952

' B.935

3.925

a.8746

8.925
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”Tablc 2.12. Regression oqﬁatinns of unyboih_pnd number
(;bg transformed) ve. time for velvetleaf density
treatments 1in 19835. Stgndard errors are included for

comparison.

SLOPES
TREATMENT  INTERCEPT  WEEK WEEK* = R%*
grm ~18.0656  3.628 -3.147 2.783
+1.476 +3.277 +3.013
2/m —9.242. 2.067 -2.082 B.777
+2.935  +0.550 +0.0925
4/m ~14.7@3 3.010 -&.123 o.7082
+4.537 +3.851  +@.839
8/m -20.997 4.182 ~G.177 3.438
+5.836 +1.994 +0. 054,
16/m . -16.596  3.318 —3.137 8.297

+3.631 +3. 681 +@.0831
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N .
density treatments (8,14 plants/m} (Fig. 2.8}.

Temporal grnwthlmudils for nnturni lngnrithm
r-pro&u:tivg'biomass an& natural logarithm pbd number
were develupg& through multiﬁlo bcgﬁouiion. Despite the
limited numberlo+ samplin; dgtnu‘(4), the tomporﬁl
models pravided vory'gnnd ipprnximatinns to the daga-
(Tables 2.11,2.12). R*™ values for the individual
regresginnloquaticns for ;ach density range from 23.88 to
.95 £o; 1n reproductive biumiss, and from 5.64 to ©.89
for 1n pqd number. when_d?nsity-wau 1n=1§d?d as &

<iqariable in the regression equations, r* yalue=.4+ B.FT
and &.74 were ubtained for In reproductive biomass and
In pod number respectively {Table 2.10).

The 95% confidence intervals of the regression
equatiané.wera employed to determine t@é time at which
density effects became signi@icant. A?ain, soybeans
grown under higher density stregs exhibited dens{iy
e+fects-be+uré plants grown under lower density
press#re. Reductions in reproductive biomass and pod
number were first detected as significant in the tenth
and nihth weeks after emergence in the highest density
treatmenta (16 plants/m row) (Fig. 2.8). In the lowest
density treatment (2 plants/m row), density effects on
reproductive biomass and pod number were-sign§f1:ant.at

eleven and fourteen weeks after emergence respectivel?fk;’i
. S

-

In summary, soybean reproductive biomans was

significantly reduced by all of the velvetleat densities
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t.-ted, Pod number was reduced only at the higher

velvetleaf donnitiei (8,14 plnntn)m‘rnw). Reductions in

.

both rcprnductive biomass and pod number* were similar at
these densities, This might suggest that denuity stress
may elict an effect at the time of floral initiation or

lﬁurtjﬁ tﬁerea#ter, rather than during the p‘riad of

pod-£41ling. . ‘
C. CANOPY DEVELOPMENT

Soybean cannpy-dévelnpment is depend?nt upon
increases in pl;nt height and leaf number (and/or leaf
area). Soybean height increased in response to increases
in velvetleat densrtyl(Table 2.190). Soybean leat number
increased ;iu;g.a quadratic trajectory until nine to ten
weeks after emergence when leaf senescence began (Fig.
2.9). At that tlme, soybean plants grown with high weed
densities had gigni+1cantly fewer leaves thén the
cantrol planta. The rate of sénescénce from this point
-on appeared to be slightly iess in plants grown under

-~ high density astress (Fig. 2.7%).
: -

Temporal growth models were developed for each
Qélgetlea+ density for the natural logarithm of leaf
number using multiple regression £echn1quea. The
regr;asion equations provided a fair approximation to

the data with R* ¢alues ranging from £.33 to #.58 (Table

2.13). When density was included in an overall maodel, an
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Figure 2.9
Relaticenship between leat number and week in soybeans
grown in velvetleaf density treatments in 1983. The

dashed vertical lines_ indicate the +1rst'signi+i:anﬁ

Lo

di+feren:eﬁ from the control treatments (weed-free).
Signifi:antldi%+efencesmwere not found in plants grown

at 2 velvetleaf/m row. ’,

TN
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Table 2.13. Regression .duationn of soybean leaf number
(log transformed) vs. time for velvetleaf QQniity
tréatmentn in 1983. Stﬁpdard errors dhc‘in:;uded fbr

r

comparison.

SLOPES
TREATMENT  INTERCEPT . WEEK week* - R%
. K )
B/m -2.238 1.958 -3.055 9.396
+3.414 40,096 +3 . BOS
2/m : -1.483 F.858 -@.045 B.405
+0.984 +@.227 - +8.812
a/m ~2.862 . ©  1.21% -G.0686  ©.531
x1.146 +08.245 7 +@.014
8/m -2.374 1.86% -8.957 ©8.579
+0.873 +@.202 +8.911
- &
16/m | -1.374 2.792 - -9.042 ©8.329
) x1.072 +0.248 +8. 013
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R* value of 3.42 was obtained (Table 2.12). Temporal
grhwth mﬁdelg_wero also developed +9r o;cﬁ.volv.tlcaf
dénﬁlty for natdral Jdogarithm height using multiple
regressién: Significant differences betwoon dtnlitdes
were nut dote:tnble due to variability ax evidenced by
averlapp!ng 8% cnnfidenee 1nterya15. When density was
1ncnrpnrated 1nto an overall model for 1ln height, it. was
significant and had .an rR* value o*LE %1 {(Table 2.1 .

- The 95% :nnfidence.int-rvals were utiliied to
determine the time at which density effects became
significant. Some intereating trends were detected when

the temporal effects of density stress were separated

. -

Y

{(Fig. 2.9). Leaf number was significantly reduced in the
grnwih phasebnf leat develnpmeﬁt (up to nine to £en
weeks) when snybeansrwer; subjected to the high;st
velvetleaf &ensity stress (16 plants/m row). Conversely,
leaf;number was significantly reduced in the senescence
phase (after nine to ten weeks) when sqybeana were
subjected to intermediate velvetleaf densities (4,8
plants/m réw).

In summary, suybean height was affected by the regime
of velvetleaf densities tested. Soysean leat number s
reduced during the growth phase of leaf development
under conditions uf.high Qelvet}eaf density stress, and
during the time of leat Beneécen:e under intermediate

velvetlieaf densiﬁy pressure,

’



"III. COMBINATIONS

? A. GROWTH ANALYSIS

Soybean growth was characteristically Jogliatic in all
AQnsity trh;tments {(Fig. 2.18). The lc:umﬁlatinn of
vcgotatiﬁe biomass qo:iinod.rnpidiy tw;lv; weeks aféor b
smergence due to leaf senescence. Total bibmasg.ttndodr
ta level nff at maturity as a consequence of the_
cessation of reproductive gruwth‘tFié. 2.18). At
maturity,‘nuypeans'grnwn under all weed densities

{cocklebur + velvetleat) were significantly smaller than

. -

"the control plants in terms of vegetative and tataf
biomass (Fig. 2.18).

Multiplé Eeg?esninn techniques were used‘tn develap
temporal gruwth‘mndels for natural ;ngarithm vegetative
biomass and natural logarithmhtotal biomass at each weed
density (Tables 2.14,2.15). The models provided gooad
approximations to the data with Rl values ranging frum”
¥.48 to 9.82 for ln vegetative biomass, and jrum a.78 tu-

2.89 fﬁr 1n total biomass. Incnrpﬁrating density inin /’#/
overall temporal mﬁdels yiel@od'Rl values of &.75 for in

vegetative biomass and ©.84 for 1ln total biomass (Table

T2.164).

The 95% contidence intervals of the regreéainn
_equations were utilized to define the time at which

density streas elicited effects significantly differing

93



9

Figure 2.1%
Relationship between vegetative biomass (upper graph},
total biomass (lower graph); and week in soybeanws grown

in combination weed density treatments in 1983. The

déshed vertical lines indicate the first #ignificant

differences from the control treatments {(weed-free).

-

Significant differences were found 1! weeks after

'emergencﬂ-in plants grown at a density of 2 weeds/m for

both varibles.

2
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Tqble_2.14. Regressiorn equations of soybean v.g‘tativ.
biomass (log-trqnl#nrmed)_vs. time for Eumbinntidn weed
density treatments 1n'1983,_8tnndard errors are in:;ud.d‘

fnr comparison.

SLLOPES
TREATMENT  INTERCEPT WEEK ~  WEEK® R
v ' ' '
@/m -3. 034 1.812 -8.843 . 9.799
CAE.272 3,043 +&. 003 .
2/m _ -3.502 1.057 -3.647 B.481 .
+1.0920 +3.236 . +F. 912
4/m . -5.590 1.607 -2.079 B.754
+9.83%  +@.193 +3.010
8/m -4.588 1.429  -@,086% 2.728
+8.947 +0.218  +0.811
16/m ~-3.99% 1.171 -0.056 2.721

+0.823 +0. 190 +3.010
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Table 2.15. chril-ion equations of soybean total

Sinmaps (log transformed) ve. time for combination weed
. A

denﬁity Ereatmohts3in‘1983.'Stnndard errors are included

for comparison. . e
SLOPES
; ‘ o %
TREATMENT  INTERCEPT  WEEK WEEK R™.
i - ) o
B/m -2.348 B.79% -9.082% " @g.8%4
+8.247 +0. @57 +0. 283 .
2/m -3.156 B8.927 ~%. B35 3.817
+0.934 +G.216 +0. 0114
4/m . -4,6414 1.313 -3.256 2.834
, +0.842 +0.195 - +8.010
a/m ' -4.318 1.2214 -5. 954 8.789
10,931 +8.215 +0.911
16/m -3.733 1.0648 -9.0646 @.785

+0.865 +@. 200 +8.011
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Table 2.146. . Regression equatinnl; 16:Juding denlity, d+‘
Qnybean vegetative biomass, total b!omnll,'rcprudu:tiv.
b;umalu, pod nme;r; iéaf number, and h.ighﬁ tall log
transformed) vs, tim; for Enmbinatloa weed tr-;tm.ntl in
1983. Standard errors are included for comparison.

SLOPES

VARIABLE  INTERCEPT DENSITY WEEK  WEEK™ R:
Vegetative -3.41% -g.949 1.114 -0. 53 .75
Biomass < #0.258 = +@.B85  +9.03% +3.903

Total- -2.75% -g.050 ©.908 -8.934 @.8449
Biomars 39,246 19.0095 +0.9%57 +0.003

s

Reprod. .  ~19.985  -8.062  3.045 ~@. 186 ©.512
Biomass +1.186 = +0.008 +0.207 +0. 9P

Pod - -17.830 -2.865 3.412 . -G.148 9.747
Number £1.242  +8.009 +0.233 +8.811

Leaf -2,258 -@.830 1.872  -0.056 &.444
Number +8.324  +6.087 +08.97S +0.904

Height ~9.261 -@.611 £.858 - ~9.036 8.907

+8.127 +0.003 +0.029 +0. 002



ey a—_—— -

98

from controls (we-d-fr.o). éa-ed upan this approach,
denllty effects were signifi:nng in all ot the don-ityi
troatmentp for both vegetative and total biomass (Fiq.
2.1, Snyboan' subjected- tu tho highest donsity (16
weeds/m row) oxhibited density effects at the time of
the first harvest t5 weeks after .morgcnco)‘in both
vegetative and total biomass (Fig. 2.18}. Whether
denBitf strénu wasE sufficient to reduce growth before
this time ié unknown. Soybeans grown at lower density
pressufea displaf density effects later in the seagon
(Fig. 2.1@).

In summary, sn&bean vegetative and-tbﬁhl biomass were
signif!cantly.reducnd by the entire range o+f weed
densities teﬁted; Denmity df;ects were nb:crﬁod very
@arly after emergence (5 weeks) under conditions of high

weed density stresg.
B. FRUIT PRODUCTION'

Reprnduétive grawth in the soybean ua; lagistic
throughout the growing season in all the weed density
treatments (Fig. 2,11). Floral initiation occured
synchronously acraoss all treatments approximately BOVG?
weeks after emergence. Pnd-filling took place between
nine and twelve weeks after emergence. Reproductive
biomass was significantly reduced under all but the

lowest weed density treatment (Fig. 2.11). Pod number
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Figure 2.11.
lRolatinnship betwien ropraduﬁtive binszs (upper graph),
pod numb;r (lnwer.graph),l;nd qeek‘iﬁ_snybeans‘grown in
cbmbinat}on weed density treatments in 1983. The‘danhed
vertical lines indicate the first significant

differences from the control treatments (weed-free).

L]

Slgni+icaﬁ£ ditferences were not +chnd in reproductive
~bigmass in planﬁs grcwﬁ at weed densities of 2 and 4/m
row. Signifi:ént differences were not found in pod
numbér in pfants gréwp at a weed density of 2/m row. Not
"indicated on the ln@er graph, for reasons of clarity,
are plantsagrouwn at weed densities of 4'and B8/m row

which were significantly different from the control

treatment at 10 weeks after emergence.
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was significantly rodu:od'undcf tﬁc same donl;tiou (Flé.
2.1i). A£ miturity.roductioni-iﬁ both‘rqprodﬁcfiﬁc
biémaus_anq'pnd nunfber ;oro similané \ |

Temporal growth models w?be developed for hatural
logarithm roprndu:;iv. biomass ;n& niﬁural lngarifhm pod
number for a;ch weed d.ﬁ;ity using multiple rogros;lnn'
R (Tables 2.17,2.18). The models provided good ‘
apprnxfmatinn;_tn the data with R™ values ranging from
7.835 to 0.95.+ur l1n reproductive biomass, and from 9.53
to .89 fér I1n pod number. The incorporation of density
into overall models for each ;ielded Rl values of &.91
far lﬁ.reprnductive b{ama;s, and #.77 for 16 pod numb;r
{Table 2.1&),

The 95% confidence intervals of the rﬁgrensinn
equatiuns-were.usedjtu separate the tempatal aspects of
density effects. Significant reductions in soybean
.reprQQucfive biomass n:cuéred e}even,weoks atter
emefggnée iﬁ all . but the lowest density treatment (Fig.
2.11). Differences in'pnd-number were dqtected as early
‘as eight weeks after emergence in the highest density
treatment (Fig. 2.11)

. . “
In summary, high weed densities can requua suyﬁéan'

reproductive biomass and pod number. Density effects

were detected very soon after floral initiation.
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""" " . .....C. CANOPY DEVELOPMENT

A T -
L . . -~ -
L P ' - -

"Snybegp height was affected by_gntgl weed d.;liéy_

- stress (Table 2.163..Incr-ales in total weed doniiiy
resulted in tncr;asos in go?bﬁ;n hc;éht. Snybcnﬁ lea¥
number increased in a qundrific mnnn.rruntli nine to ten
weeks after cmerg.nce\;é.w;ich tlﬁt,lcgf I.hﬁ:cnce
begins (Fig. 2,12ff At5tﬁat time, Iuyb.n;n-groun under
the highest wnid depsﬁty had significantly fgwer i;avos ;
tﬁan th; control plants (Fig. 2.12). S | |

Temporal ;rﬁwthhmndelﬁ were devaloped.¥nr natural
lngapithm leaf nﬁmber.usipg multiple }egrcﬁsiun {Table
2.19). fhe ;egressicn equations for each densit& provide
a fair fit tn_the data with R™ valuos'raqging from 3.4

:td 5.68. When density waslin:urporated into ;n nveéall
model, an R™ value of ©.44 was obtained (Table é.lé).
Although temporal growth models were dnvéluped for
natural logarithm héighi for each density, vnriabiliﬁyl

R
preyented the abtection of difterences between densities
using 95% confidence intervals of each individual
regression. Uhen;density was incorporated into an

-.averall model for 1n heighﬁ, 1t‘wés significant and had’
an R* value of 8.91 (Table 2.16).

The 95% confidence intervals of the regression

‘eﬁuatinns determined the time at thch density effects

became significant. Soybeéns grown under the highest
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‘Table 2.17. Regreasion equations of soybean

reproductive biomass (log transformed) vs. time for

combination weed treatments in 1983. Standard errors are

" {hcluded for comparison. i :
SLOPES

TREATMENT  INTERCEPT  WEEK WwEEK ™. R

@/m -15.276  3.958  -8.105  B.952
+1.0832 +0. 193 +@ . IBP

2/m -18.3085 2.810 -F. 095 2.87%
+4.994 +09.936° . +8.042

4/m -13.135 2.0817 -3, 866 " B.848
+4.381 . +@.821 +B. B3 .

8/m -21.70% 3.531 -3.133 2.89%
. -+3.984 +3.747 +0, 334

. . ‘ oy
16/m -22.575 3.724 -3.1449 8.844

+4.834 +8. 906 +3.0841
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Table 2.18. Regression squations of -moybean pod number
{log transformed) vs. tiﬁe for combination weed
treatments in 1983. Standard eérnrl are included for

comparison.

SLOPES -
- - , a ca
TREATMENT- - INTERCEPT  WEEK WEEK R
B/m -18.054 3.628  -8.147 o.783
+1.476& +03.277 +0.013
A N ’ . .
2/m . -~13.134 2,492 -0.187 B.788
+3. 6082 ' +@. 675 +0.931
4/m -11.259 - 2.447 -g. 1081 @.554
+4, 445 +9.871 +3. B39
8/m | -20.3s8 4.031 ~3. 149 o.72@
+4.897 +0.918°  +0.042
16/m -26.698 5.151 -9.219 .8689
+3.333 +@. 625 - +8.928 “
o

el

"~
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p.i& density treatment (1é piaginlm row) exhibited
nvidtnce'qf density stress sooner than those grown at
lower densities {Fig. 2;¥2). Leaf number was reduced in
the d.v.lépmont stage of 1.a+19;nuth under high weed
density pressure (15 plants/m), and in the senescence
astage undef inﬁerm.diato vweed density pressure (4,8
Plants/m row) as wa¥ observed in the velvetleatf
ﬁneatm.nts. h

In_summary! sdyb-an l?a+ number was significantly
roduced'when lubjocéed to thg density stress preiented
by the combination of cocklebur and gel;etléaf. Soybean
height :hﬁwed increases in response to 1ncreanin§ weed

density mstress.

T ——— A . A T
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Figﬂre 2.12
R;latianshiﬁ between leaf number and ﬁeek in soybeans
grown in cnmbinatfnﬁ weed tre#tments in 1283. The dashed
verti:al lines indicate‘thei+ir5t sigéificant
&ifferences from the control treatments (weed-free).
Significant differences wa?e ﬁot found in plants grown

at a weed density of 2/m row.
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Table 2.19. -RogrQIijon equations of soybean leaf number
'(lqg tEansfdrmtd) ve. time for combination weed

traatmcﬁtg.in 1983. Standard errors are included. for

chmparisnn.

SLOPES
TREATMENT ° INTERCEPT  WEEK WwEEK ™ ‘R%
grm -2,235 . 1.958 -3, 055 .396
+B.414 +0.9%96 +0. 085
2/m . -2.086 o.980 -g. 051 B.425
C+1.977 +0.249 +0.013
‘a/m -3.190  1.286 -9.871 B.a11
+1.841 +@.241 +3.013
8/m . -3.188 1.269 -3.0869 o, 683
+0.850 410,196 +6.010
16/m -1.666 9.848 -B.846 2.48%

+0.853 43197 +9.010



2.2 YIELD :_ANALYSIS '

. 1.~ COCKLEBUR

r

. Tn-anaiyze the effects of s;nlnn-lnng cocklebur

i
competition on soybean seed yibld, four meters of
soybeans were h;ﬁve:tod from eaéh‘troatment in.caéh
block at maturity. Care was taken to harvest plants only
in areas d+ Eonsistent;cucklcbur denaity. The sample
sizes were sufficiently large encugh to allow analysis
of density etfects upon yield by Tukey's multiple range
test as well as linear regression.

Tukey's multiple range test indicated that allﬁnf the
cocklgbur densities except 2/m caused significant
reductinné in soybean seed yield kTable 5.20). In 1982}
soybean seed yield was reduced &7% when subjected to a

density stress of sixteen cocklebur/m soybean row (Table
2.20). |

" Linear regression was used to develop a msdel to
predict natural logarithm bean weight from cocklebur
density (Fig. 2:13). The equatian described the data
very well as evidenced by the Rm value of #.77. At
51¥teen cocklebur/m soybean row the model pred}cts a &%
reduction in soybean seed yield; The 'tﬁitieal wead
density® required to signiticantly reduce soybean seed
vield, waé predicted by using the 95% confidence

interval of the regression egquation. The *critical

107
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Tabic 2.208. éffect of cocklebur densities on soybean

maed yleld in 1982.

Cocklebur Density Soybean Seed . Percent
}plantslm row) Biomams/m row Reduction
. o . 178.6a -
-2 127.4ab 29
9
4 1146.%b 35
B - T T ~ Y- S 42
16 ' s8.4c &7

Means followed by the same letter are not

sigif!céntly different at the 5% level as determined by

.

- Tukey’'s multiple range test.
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N

‘Figure 2.13
Effect of :n:kl;bur density on Bnyb.an\:c.d yield in
1982..The dashed v.;tical line indicates the predicted:
mlnimum cccklnbur d.nsity required to decreasne yiold
lignificantly. The rogre-sinn equation obtained for saed
Yield was .

log({seed biomass) = 5,815 - F.86% (density)

with an R value of @.774.
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d.qnityﬁ of cocklebur requif.d tn‘sigﬁ1+iﬁqnt1y rcd9di
-lnybonn seed xj;ld was pr plants/m ﬁf soybean row iFig:_
2.13), th;l di%+ering slightly from a posteriori

. analyiil'using Tukey's test.

In 1983, a ccmpiot- range of cocklebur don-ity
treatménts were not éfown. Cocklebur at sixtobn.plantllm
rnw,'ﬁoro—grnun to l;l.;i yearly variation 1nlnﬁybcan
density response. Snybean.yiold r?du:tinnn wer‘ slightly
less in 1983 when compared to 1982, pa:gibly because of
adgquete precipitation in 1983, The yields in 1983, ware
reducea by 53% at 14 cocklebur/m rng. Soybean density
responses were slﬁilar over both years of the study. In
1983, the 95%‘:cnf1dence.interval of the regressian -

equation also inqicated a "critical density"* of two

’

-ccckleﬁuriﬁlruw was required to signi+1cantly raduce
snybean-seed:yield (Fig. 2.14).

In ;ummary, cocklebur density Stress can cause
significant reductions in soybean seed yield. fhere aré
two valid approaches to determining the "critical
density®* of. cocklebur required to significantly re@u;g
soybean seed vield. Tukey's multiﬁle range test suggests
that four cocklebur/m row wWill cause significant yiéld
reductions, while,line#r regression predicts a "critical
density" n+‘twn cocklebur/m. Thnugﬁ both approaches are
entirely valid, Tukey’'s multiple range test requires a

larger sample size in order to detect dénsity effects.

y



Figure 2.14
Effect of En:klebur deﬁé#ty on soybean seed yield in
1963. The dashed vertical line indicates the éredlétbd
"minimum Eaekiébub.gen-ity.required to &ecr?ase yielé
significantlyﬁ The regression aqgatién obtained for seed
yield_was l
logi{seed biomass) = S5.362 - B.E4é(d§h5ity)

with an RY Valﬁe of O.&6%.
.
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I11. VELVETLEAF

The approa:h tnward: soybean yiold analyﬁin with ¥

:vulv.tleaf was similar to that previnusly degscribed for

cncklebur. Sampling metho&s,and harvest sizes were

ideﬁtical.. -

‘,Tukéy‘a mult{plefrange test was Jtiltzed tb'detarmine

if the aobserved reductians in soybean sued yield were’

signi+1cant (Table 2.21). Soybean seed yinld was raducéd_

346% under a denslty stress of 14 velvetleaf/m soybean
row. Tukey’'s multiple range test indicated that a
density of fnur ‘velvetleaf/m row was roquircd to elicit

significant soybean seed yield redu:tinns (Table 2.21).

- Linear regrgssinn was used to develnp a yield model

to predict natural logarithm bgan‘weight from veiveﬁlehf'

density. The model provided. only a fair appraximatinh to

the data as evidenced by an R* value of .44 (Fig.
2.15). at 14 velvet{ea+/m'buw! the model predicts a IB%
reduction in soybean seed yield. The 95% confidence

interval of the regression model was used to predict the

"critical density® of velvetlea+t required to cause
-

significant reductions in soybean smseed vyield (Fig.

2.195). It was predi:ted‘that‘twu velvetleaft/m row

provided density streas sufficient to significantly

reduFe sdybean'seda yield. .
In summary, velvetlea# deneity stress can reduce

soybean seed yield. Tukey's multiple range test

112
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Table 2.21. Effect of velvetleat densities on soybean

-

seed yiel& in 1983,

_Uelvetleé+ Deﬁsity Soybean Sged. . Percght_
. (hiantslm ruw).j ' Biomass/m raow _éqductinh
e R 216.6a - .
2’ {?7.éab : 2
4 ' 168.2bc 22
K- o 15§.abc_" 29
16 | 138.0c 36

Means followed by the same letter are not
signiticantly different at the 5% level as determined by

Tukey’s multiple range test.

I bt i e i ke e A o e t t e e s A L L
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Figure 2.15
Effect of veivetf.af density oniupyhéan soedl;iold in
1983. The dashed v&riical.liné indicates the predicted
\mjnimum velve£19a+_qpn§ity Fequirgd to decrease yield
signi+itant1y. The regreséinp equation cbtained for seed
yield was
logtseed biomass) = 5.333 - ﬂ.ﬁSﬁ(density)l

Hith an R* value of 9}439.

R SR E S~ W L I
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‘indicated ‘that four velvetleaf/m row will caune’

liéni+1:;nt yield rodu:tién:.-Linonr noérolsiqn
. . B “ 7
predicted that two velvetleat/m soybean row is the

':ritiﬁnl density” which will caume significant

“

reductions in soybean seed yield. -



. III. COMBINATIONS

The approa:h used to d.nsity effects in Boyboan yitld
in the combination treatments an identi:al to that |
aforementioned in tho single weed -pcciog treatments.

Sn;b.an sesd yiqld wn-lreauc-d 39% by a-tutal'weod
density of sixteen plants/m row (Table 2.22). Tukey’'s
multiple rang§ test ingicated that fnur weads/m row are
required to Blgnl+$cantly,reducc‘iuybean sead ;191d.

a modcl predicting natural logarithm bean woight from
weaed dennity was developed through linear regression
(Fig. 2.16). It provided a‘+a1r apprpximation to the
data, as evidenced by thé‘Rm vaiue of #.47. At 16
weeds/m the model predicts a soybean yield.beducﬁibn.uf
41%. The 23% confidence interval of the regression
equation prediﬁted a ;:ritical dengity" of two weédé(m
saybean réw (Fié. 2.14).

In sdmmary. the combination treatments containing
both':ncklebgr and velvetleaf, Bigni?i;antly reduced
soybean sged yield. 'Critigal weed densities" necessary
to signi+icantly reduce scfbeaﬁ vyield are four weeds/m
using the Tukey approach, gnd two wWeeds/m using linear

! -
regression.

116
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'Table-2.22f, Effect of combination wled-treafment
denaities on soybean seed yield 1n.1983..
Weed Density Soybean Seed Percent
(plants?m row) Biomass/m row Reduction

~ ] . '216.§a ‘ -
2 Lo 184.0ab ‘ 15
4 171.6bc ' 21
8 151.3bc 36
16 T131.5c 35

Means follawed by the same letter are not
signi+icantly different at the 3% level as determined by

Tukey's multiple range test.
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Figure 2.16 a

Effect of’weed'deﬁlity {cocklebur + vulﬁ.tl.lf) on
soybean seed yi;ld in.1983; The ;n:h.d vertical line
indicates the predicted minimum weed dénsity r‘quired to
do;re;ae yield significantly. The régresuiun equatign
nbtain;d for seed yield was

log(seed biomass) = 35.328 - 9.833(density)

with an RY value of 2.471.
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Figure 2.17
Comparison of need yield reductions in soybeans grown in

the cocklebur, velvetleaf, and combination weed density

"treatments at 16 plants/m in 1983.



LBo_v_ooo

U1 DUIGUIOD

JD3)IOAIRA

601

o - O
< o

- NOILONA3Y A13IA %




2.3 DISCUSSION

My liudy is in ngreeﬁong with those ot Barrentine
(1974) and Blbnmborg'ti al (1988) who suggesnt thit
cocklebur cgn.cnulo Iigh}%i;ant reductions in soybean
grawth. In my study, cgcklebur don;ity stress caunc&

reduéticns in soybean vqjetatlve binmals, reproductive

‘biomass, pod number, and leaf number.

The previous investigations of crop-weed interaction

oo

have largely ignored the temporal aspect of cumpetlt{dﬁ,

‘as was noted by Harper (1977). A common strategy .

empléyed tao éetermine ﬁhe period of wged—+ree
maintpnanc;'whiéh I;mits crop. yield reductions ds the
use of dela?ed weed plantings (Bloombherg et.al.; 1982).
Such an apq;oach is wvalid i+ it is nof interpreted ag a
methaod of determining the "critical time* at which
crop-weed interaction elicits sig;i+icant r;ductiuﬁs in

soybean growth. Using delayed weed planting strategies

can'theoreticalki subjec£ crops and weeds to differing

environmental conditions at the time of germination.
Osing temporal growth models to predict the ®"critical
time" of 1nteraziinn assumes ldentical environmental
conditions upon germination.

‘Scybeans grown under high cocklebur density ,stress
(16 plants/m} exhibited evidence of density effects iq
vegetative biomass and leaf number betore the time of

floral inttiation. Reproductive bicmass -and pod number

120



121

.

were reduced shortly after flnéal‘initiﬁiinn.‘Thci;‘
toﬁporgl_trgndn wo?. conmistent over Bn£h y;ars 6+ the
n'tudy_. Ba}rentine (1974) was one of the first to° -L;gge‘_si'
that soyb.ans can succels}ully ;nmpété.with cocklebur up
to four weeks after ehcrgen:é. ﬁlacmb.rg at-al; (1982}

also tnnfirms a similar 'time frame of four weeks. In .

-
-

'both vyears of our study, soybean growth is affected.
about six wéeks atter emergence. Perhaps bn£h suybeans

and‘cu:klebur.were too small to interact up to six weeks

after emergence. Although thefe was bome 1nteracﬁlpn
detected between cocklebur in 1982, the inclusion of a
w;eq growth variable exhibiting intraspecific weed
1ntera:t1én did not :ignifi:antlyi;pﬁrnve'thé soybean
'graw£h models. ) . -

Séason—long':ompetitiun with cocklebur can cause
significant reductions in soybean seed yield
(Barrentine, 19743y Bloomberg et al., 1982’} Coble and
Ritter (1978) suggést that the 95% confidence limits of
linear r;gressiun models can be.usgd to predict the
"criticél weed densfty“ at wgi:h crop yield is
signifiéantly reduced. The employment of this approach
_indicateé that two cﬁcklebur!m soybean raw can
siénificantly reduce sBoybean aeéd‘yield. Using ;ukey‘s
multiple range test to examine differences amang density
means suggests thatlfnur cocklebur/m soybean row are

required to significantly reduce soybean seed yield.

Advantages of using the linear regregssion approach
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in:lud. ih. s.nsitlQity af the detection of denmity
Cetfects. Hﬁw;vgr unlike a multiple range to-t; one im
dealing with prqdi:ted rather than r.ai mean values.
The cnm%otitiVe e+¥ects'n+ valvetleaf have been
- studied in many crop 'itu;tlnns 1ﬁﬁ1uding sugarbeets
(Schweizer and Bridge, 1982), :atton_(Elmére et al.,
1?933, and soybeans (Eaton et al., 19746} Oliver, "1979),
In my exbegiﬁéné, increases in velgetluaf doﬁsity |
elicited major reductions in soybean height, vegetative
bicﬁass,_reprndg:tive binmasé._pnd number, and 19&#_
number.
Tﬁe same approach as prewviously described for -
;ucklebur was utiling to qétgrmine the Hcri%;cal time*™
at which soybean-velvetleaf igteractiqh.became

[y

s{gnrficantly in alte?atipns in su&bean graowth.

"The first eviden:é of crnp—weed-iﬁteratt{on appeared
at the time of floral initiation (8 wéeks) in the
highest density velvetleaf treatment. Thé major de:line‘
inlvegetgtive biomass was dge to leaf msenescence.
Interestingly, pﬁd number is sign{ficantly‘reduced bnly
under the highest density regime alihnuéh repﬁaductive
biomass is reducéﬂ nvef a mu:h wider range.'This appears

to suggest that density stress may'a++e:t the rate of -

pod-filling rather than the rate of pod formation (or

ped abortion for that matterY. Hagbod et al. (198@) used °

a similar approach in his study of soybean-velvetleaf

interaction. Significant reductions in soybean leaf
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biqmnbi; lea+far-a 1ndex.lpnd‘vogotdtiv. biomass were

&et.:t.d between seven ihd_hiﬁ;.Q.;L;*qftor';mcrg.nc-‘
oyer:buth years of his study._ﬁopFudu;tivo binmiss,wa#,,
reduced between nine and eleven w;okll;+tor iﬁorgen:‘.
.My'+1naings are eﬁtirely consistent w}thltholo u+:Hagnph —_
ot al. (1980). - | | o
é#rlier researchers found Ifgtlo b#iden;. of

loyboan—velvotleg+ 1ntgr;ct19h nt‘;n+.§tattuﬁ rates as
high as 2¢ plants/square mete; (Staniforth aqd Gobor,
19384) . Hagand et al. (1980} +found ev;den;; of
siénificant reductinns in soybean yield at a veiyeilehf
density 6; 2s§ plants/square meter. Apparently
ve!vetlea+‘£§n be guite ;nmpeﬁitive_#n ﬁomelcrnp
situations as evi@encod by é:hweiier anq Bridge" (1982)
study of infe#actign with sugarbeets. Using 95% |

-

confidehce intervals of linear reé}enninn_equatinns +nrlﬁ

crop yield predicted from weed denﬁityi the ':r}tical

densities” of velvetleaf required to signifi;aﬁtly
reduce sugarbeet yield were found to be between % and 12
planta/3z m of row over the two years of their :tudy.:
Employing this methndaiagy, 1 determined the "critical
density" of vélveilqa+ required to signiticantly reduce
suybean seed yield to be 2 plants/m‘aflnoybeap row.
Conversely, when approaching the same data using a
mgléiple ;angé test (Tukey’'s), I arrived at a ‘cri;i:al

density" of 4 vélvetleaf!m nffruw. The fcritical

' denslty"'predicied through linear regression does

-

et i m—mommme m e s o an e m -

s . et T TSI TS Y
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' closely apprnkimatd thgt“datquinéd by Hagund"atpalx

(1990)-"

The utudy of weed lp.:ion :nmbinatiuns 1n a .

’ potantially compotitive -1tu¢tinn with a crap plant

'

raices a +qw 1ntorouting que-tinns. The ultimate

. question that must be nddrillcd is “"are the competitive

e+fecgi‘b+ @ach weed species additive when, grown in

_:umbihatibn?'. We found no evidence ot

cocklebur-velvetleaf interaction when‘ggnwn'in_

combination. There were slight differences in relative’

growth rates of both weed species) with coclebur having

the greater rate (Fig. 1.12). Hawever, the differences
| ) : ’

in relative growth rates between the two weed species

were of insufficient magnitude to elicit significant

.~

density effects. Other rese%r:her; have found

interaction ;H weed-mixture experiments (Elmore lF al.,
1983). Schweizer an& Bridge (1982) found minimal
1ntera=tinn'betwecn sunflowers nndlvelv.tléaf when grown -
with sugarbeets,. fhg combined weed species treatmeﬁta
elicitid_sugarbeet yield reductions of a magnitude
approximately intermediate to those obtained in the
single weed species treatments at the Baﬁé tatal.
densities. This tends toc support the theory that
competitive effects may bé additive.

I+ competitive éf;ects can be additive,‘the
possibility remains that thé iemporal asﬁect or

*critical time® o+ signifi:ant interaction may also be
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in soybean vegétativo biuﬁa’l;wofe d.tnﬁtid’a!mbut at
thé_unmo_timi';c in the cocklebur. treatments.
Roprnduc£iva biomass, pod number, and lonfrnﬁmbor in'
showed siyila? temporal trerds. In f-rml 64‘ab;nluto
reduction in snybe;n éruwﬁh_at maturity;’thp temporal

growth equations predict reductions in vtg.tafive

r

blnmaﬁs, total biomass, reproductive biomass, aﬁa pod

number, of a magnitude only sllghtiy greater than the

single species treatments. In the reduction of leatf

M =

number under densfty stress, the combination treatment

1

is intermediate between that obtained for cocklebur and
" ’ o B ' T

velvetleaf grown alone with snybeahs. The temporal

. growth models do very little to conclusively support the

theory that the cqmbegttive'e¥+;:té pflcn:klebur and
velvotlea# are-additive Qhen gro#niin‘dumbinatinn.

| Season-long interaction 1ndi:a§éb tha£ soybean yield
reduction in. the cumbinatin; treatments is intermediate
bgtw?én those for cocklebur and velvetleaf (Fig. 2.17).
This may ‘indicate that the competitive effects of
:nﬁk;ebur and velvetleaf are additive when grown in‘
combination..

Utili;iﬁg tﬁe P5% confidence intar;als of the linear

regresseion equation of soybean seed yield versus veed
dehsity; a ;critical density‘-of 2 wéedslm soybean row

was determined to significantly reduce soybean yield,

This corresponds exactly with that obtained for

additive. In the combination treatments, density effects -
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:nqklobur and velvetleaf grown alone. An alternative

approach, testing for significant density .ffiéiq with

. Tukey’s multiple range iout,lndicltos that 4 weeds/m row

can cauvse lignlf}:ant luybian vyield regﬁctiunl.

.



2.4 GENERAL SUMMARY e

In this study of crop-weed 1nt.na:t1nn, I.hav.
v ‘

‘concentrated upon two main areas of Qﬁulugic;iland.
agricultural.intorqst: the establipﬂmgnt'nf *critical

" times® at ﬁhich ;Igﬁi¥i:ant crop-weed intera:tionlis
‘#lrst‘getﬁctéh, and the esiablighﬁdnt a;_“:ritichi'weed
'densitieé; at which sig;ificant dnniity ;ffccts are
‘detected through alterations in crop gruﬁth.
Specifi:aily, I have.investigated pntoﬁtialldensity

‘effects of two weed speciesi cntklébgr (Xanthium

gtrumariup L.), and velvetleat (Abutilon theophrasti

Medic.), and their combination, upon various :omponahtw

of Bnybeah'grnwih.

-

fémﬁbral grbwth pddels for each weed density were

developed for soybean vegetative biomass, tatal piqmaéa,
» : . ’

repruduﬁtive'biumass, pmd'ﬁumber, leat number and
height. The 'criti:alﬂgimes" of crcp;weed interaction
predicted from the tempnral‘grnﬁth'madela are in
agreement with Harper (1977} who suggested that density
 effects sh;uld be.detectablé in plants grown Jdnder higﬁ
density stress befare plants grawn underplesser densigy
stress. Cocklebur density stress el%:{;ed"signiflcant
reductiaons in su*beah grnwth.at 8ix weeks after
emergencei abput two weeks‘pricr-tn.detectiun in

"velvetleaf treatments. The temporal trends in the

caombination treathent.paralleled thpse using cocklebur.

127
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) Variability in the‘timpnﬁal growth models makes it

‘difficult to address the quoitlnn of the potential

‘additivity of the temporal aspects of the cqmpo{it;vo

effects of cocklebur and vclvoﬁlin% upon soybean growth.

v ' .
-

Soybean I‘fd y!ola‘mndoll were developed to .ipl‘ln
'tﬁé ¢f+§;€l of seaiuﬁ-long ﬁnmpetitiun.bitween'the'weca
treatments and soybeans. The order of cqmp.tit{vantls.
aé‘eﬁidonced by sﬁybcan seed yield reductions are as
follows: cocklebur)> combination)» vel&etieaf. ThQ

cnmpétitive effects of cocklebur and velvetleaf do

~appear to be additive in the combination treatments. The

» ]

”.predicted "critical weed densities® were 1deﬁtica1 for

all three wéed treatments. Two weéda/ﬁ af Euybeén rowW,
regafdl;sa of weed specigé, caused éfgni?icant
reduc%inns in nayﬁean seed yield. Thus cbckiébur,
velvetleat, and their ﬁomslnagiun do pose .a re;l threat
to safbean ﬁhnp pruducﬁiun |

To remain workable, crop-weed ?nterﬁction models must
remain simple. The models I have developed are speci+}c
for the environmental conditions that Qere eﬁ:aunt;red.
The;e in a distinct need to include eﬁvlronmentalldata
in these models in order to expand upon their
predictability. andudting ;rup—weed itnteraction
experiments under a wide range aof eﬁvirnnmenta}
conditions would require considerable time and effort,

yet would lead to the development of wnrkablé crop-weed

interaction models of maximum predictability.
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Tho-+tnd1ng-~1.hgvd pr.-intodfhori'rcpb-l.nt but a

’vory‘lmnil section of a holistic approach tgwards.wqod-

N
L]

control known as Integrated Weed Mnnag.m-nt:?it i o¥f

primary 1mpurtanc; tp define the ecology of crop-weed

interaction before vnrfablil ot i:nnqq}c concern can be

‘'addresaed.

g
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