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POPULATION DYNAMICS Of YELLOW NUTSEDGE (CYPERUS ESCULENTUS L.)

. L

!

.The main objective of this study wala todevelop a model of .
yellow nF&g&i&:}:dber population dynamnics that would, through
computer sihaula onl; help select crop manageaent systems -
effective adﬁintt this weed: A series of experiments were f

?ndcrtaken to obtain information for the model, Results
indicate that all tubers died after B.SCyeafa. The rate of
population increase depended on the original sﬁring tuber
population, and the carrying capatity of ;he experimental area
was between 15000 and 20000 tuber m~Z, Emergence that was
delayed for more than two months resulted in a net tuber
population decrease while grovth int;truptignn; at best,
alloved the tuber population to increase to only 40 'X of 1its :
potentisal. A corn crop reducad the tuber popuia:ion to 76 X of
1te potential. These results were synthesized through the
development of a modified Leslie matrix model. The model, when
Qalidac.d, was stable to changes in either matrix coefficients
‘or 1nput.vuluec. Applications of the model will prove to be
valuable tools in developing yellow nutsedge integrated

management systeas,
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Le principal objectif de cette “ttude ttait de développer
un modale de la dynanique de population des tubercules de /
souchet qui puisse aider 2 stlectfionner un systdme de rigie
-

culturale efficace contre celle-ci. ch/q&rie d“exptriences

ont ®cé ttablies pour obtenir 1°information requise pour

developper le modlle, 7.0 taux d’augmentation de la population

dtpendait des densitls de tubercule._gnu printemps, et de la

capacith limite du milieu, qui Staic de 15000 A 20000

tubercul-c' n=2 dans les parcelles expitrimentales. Les dilais
d“mergence de plus de deux mois gardaient la population 2 .lon

niveau de pringegpo. Les intcrtuption! de croissance, au

nieux, gardaient 1”accroissement de 1la population 2 40 X de son C
potentiel tandis que le nals la rtd:xiuit 376 % de son

potentiel. L’{information obtenue dana le csdre de ce projet a

%t synthitisée dans un moddle matricilel modifi% de Leslie.

Une fois valids, le moddle s”est avirt dtre peu sensible 2 des

¢ o

variations dans ses parasdtres ou- dans ses donntes dentrées.
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Section 1

INTRODUCTION >

Yellow nutsedge (Cyperus esculentus L., souchet

comestible) is a perennial weed indigendus to Quebec and
Ontario, where it has become a prominent weed in row crops in
the last two decades (Deschenes and DOyén, 1981; Doyon and
Bouchard, £981; Mulligan and Junkins, 1976). It has bdeen
reported as rapidly spreading in the United States of America
and as being among the world”s worst weeds (Holm et al., 1977;
Mulligan and Juukins, 1976; Stoller, 1981). Yellow nutsedge is
a poor competitor wiéh othet weeds, but 1s resistant to most

herbicides. Therefore, increased weed control associated with

'a reduction in hand hoeing or mechanical cultivation probably

A

favored its population increacn,

Yellow nutsedge i3 a mamber of the Cyperaceae family., It
is an erect herbaceous plant,with solid,: simple, triangular

culms and with three ranked lesaves. Fernald (1970) da.crﬁbed

yellow nutsedge as :

“Perennial, bearing wesk filiform stolons ‘ter~
minated by hard tubers;’ culas scutely angled,
2-9 da high; leaves pale green, 4-9 mm wide;
involugral leaves 3-9, the longest much ex-~
ceeding the simple to compound yellowish to

T——
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golden-brown umbel; the latter with several
erect short rays and 2-9 strongly ascending
longer ones; spikelets strongly flattenad,
-mostly é-ranked along the wing-angled rachis,
obtuse, strongly flattened, 0.5-3.0 ca long; .
scales thin, ye sh- or golden-brown, ob-
long, obtuse or a little mucronate, distinctly
norv.d,.octt&bus at tip, 2.2-3 mm-loung; ra-
chilla with adnate narrow hyaline scalas;
style 3-cleft; achenes lustrous, trigonous,
ellipsoid or narrowly obovoid, rounded at
summit, 1.2-1.5 sm long."

]

Saveral bigtypes have been characterfized and fou

differ in vnrio&' attributes such as; ?crhicidc senditivity to

atrazine, 2,4-D, linuron, and lctrib::in\(gggig

1976; Hauser, 1968; McCue, 1982); morphology (Costa and

”

Appleby, 1976; Fernald, 1970; Lorougnon, 1969; Matthiesen,

nd Appleby,

1976; Stoller, 1981); photoperiod response (Matthiesen, 1976);

tuber composition (Matthiesen, 1976; Matthiesen and Stoller,
1978; Stollnr‘und Weber, 19735); overwinter tuber survival
(Matthiesen, 1976; Stollcr'and Weber, 1975); and diverse growth
attributes such u{msixc, phgn&lbgy, rate of growth, and tuber
and shoot number (Costs and Appleby, 1976; Hauser, 1968;
Httéhiclcn. 1976; Phillips, 1979, 1980, 1981; Stoller, 1981;

Yip, 1978; Yip and Sweet, 1978).

Yellow nutsedge is a weed of both tropical and temperate

climates that is found on all continents, in afl American

_states, and in Ontario, Quebac, New Brunswick, and Nova Scotia.
A -

Since yellow nutsedge is more troublesome in tropical areas,
coldc has been suggested as limiting its range (Holm et al.,
1977; Mulligan and Junkins, 197§; Stoller, 1981). Yellow

nutsedge occurs both in natural habitats and agricultural

[P
o
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fields in Canada. Iti”ﬂatural habitat in Queb;é and Ontarid is
mostly riparian, but it is also found in bogs and‘ﬁaraheo. )
Yellow nutsedge grows on & wide range of soil types and in s
wide range of s0il moisture conditions. 1Its growth is severely
reduced by shading, but greatly increased by fertilizing (Barko

and 8Smart, 1678,1979; Mulligan and Junkln;?\l976; Stoller,

©

1981).

Yellow nutsedge overwinters as tubers and seeads oanly. In
the spring, the gcr-inltfhg seed or tuber respectively ﬁroduce
4 coleoptile or s ohooi with a nogatfve geotropic response.
Once the soil surface is reached, a ﬁalal bulb is fprned a few
cantimeters below the soil surface. As the Qulb is formed, the
/// internodes in that region shorten. The maristeas for roots,
rhigomes, leaves, and a single flover stalk are in the basal
bulb. The basal bulbd produces & shoot that may flower., A few
" weeks after the for-aciqn of’chc basal bulb, rhizoues ar;
produced. In the course of a growing sesson, }6 rhizomes or
more can be produced from a single basal buld (Jansen, 1971).
Their tips either differentiate into another bntci buld or a
tuber. These secondary bulbs can pr;ducg rhizones with tips )
that differentiste either into a bllh% bulb or & tuber. This
cycle can be repeated severgl times. The difforcntiaiion into
basal bulb or tuber is t.gulu;cd by several factors of which
photommciod {is connidorcé toc be the most important. However,
environmental conditions, interference frowm other plants, and
field nanng,ncut techuniques also affect differentfation. Long

days are reported as favocing basal bulb formation, but some

.
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yallow riutsedge biotypes are reaportedly uncffcttgg by

photoperiod (Matthiesen, 1976; Mulligan and Junkins, 1976;

Stoller, 1981).

. L 4
Tubers are spherical £in shape snd consist of short

internodes at the rhigoms tip where starch accumulates and
rhisomes enlarge (Bendixen, 1973). Tubers are white when
initiated but they darken as they mature,’ They are dark brown
to brownish black at maturity (Stolloi, 1981). A proportion of
the tubers asre dotnaﬁt at maturity but chilling, washing, or
scarification 1ncr;a-cl their germination (Thomas, 1967).
Tubers are most dormant at the end of the summer aund least in

the spring and early summar (Stoller, 1981).

There are betveesn 4 to 7 buds on a tuber and most of :hc,
csn sprout and establish a plant (Bendixen, 1973; Thullen and
Kc-l;y, 1975). There cun/)c‘ccvcr;l sprouts produced at the
;a,o time and tubers will resprout if the original sprouts are
dcntt;ycd. lBowcvcr. the vigor of subsequent sprouts ;n greatly

feduced (Thullen and Keelay, 1975). h e

Tubers are reported as remaining viable from 1.5 to 4
y.atnjor more in the soil depeunding ou the cropping system, the
tuber size, and the depth of the tuber {n che s011 (Stoller and
Wax, 1973; Thullen and Keeley, 1981). Tuber viability
1ncrca:‘d with tuber size (Thullen and Xeeley, 197S3) and
increased with tuber depth in the soil (Bell et al., 1962;
Staller, 1981). Tubers are found to a depth of 46 cm in the

soil but 85 to 97 X of the tubers are in the top 15 cm (Bell-et

¢
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al., 1962; Friesen and Hamill, 1977; Tumbleson and Kommedahl,
1961). Most .h;ot; observed in the field (56 to 95 X) arise
from tubers in the top 10 to 15 cm (Bell et al., 1962, Stoller

and Wax, 1973; Tumbleson and Kommedahl, 1961). >

A yellow nutsedge inflorescence can produce up to 1500
seeds that are dormant at maturity and have 50 to 952X
viability. However, tho‘nulbct of seeds found in field
populations is very vardable and often no seeds are produced.

This, 1n conjunction with the fact that there are no reported

cases of seedlings found in fields, has convinced most

researchers that tdbern are. the only -eansﬁthrough which yellow

nutsedge is perpetuated in already established intestations

(Mulligan and Junkins, 1976; Stoller, 1981).

Yellow nutsedge is reported to reduce corn #nd soybean
yield through allelopathy (Drost and Doll, 1980) and to enhance
the giovth of soil denitrifier microorganisms which result in
less available nftroﬁcn to ‘crops (Volsz, 1977). Yellgv nutsedge
1s considered to lack competitiveness although it can reduce
corn yi.lh by up to 79 X (Parochetti, 1974; Simkins and Doll,
1980; Stoller, 1981; Stoller et al.,, 1979) and soyhean yield by
87 X (Simkins nﬁd Doll, 1980; Wax et al., 19?2) vhen allowed to
grow unchecked, Competition for moisture is reported as being
the factor which causes the greatest crop losses although the
résponse varies witi yellqv nutsedge denlﬂ;y/and onvironn;ntal
vonditions (Stoller, 1981; Stoller et al., 1979). Yellow

nutsedge is also host to several organisas that attack crops

(Mulligan and Juakins, 1977). '3

£
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There are several effective control measures used against

yellow nutsedge, but very few can directly kill tubers. When
the tubers are uproutigg,/t#stroying the sprouts has some
fndirect effect Phich is either to induce the tubers to bedome

T
dormant (Stoller, 1981) or to cause resprouting (Stoller et

nll., 1972). The latter exhausts the food reserves of tubers

through repeated action, ;t at least delays yellow nutsedge
emergencd until the crop 1s sufficiently established to

vithstand interference (Stoller, 1981; Stoller et nli, 1972;
Taylorson, 1967). The coantrol methods used against yall&w v

»
nutsedge can be cldssified fnto aeveﬁrl categories such as

mechanicsl, chemical, blological, and cultural coatrol methods.

fillage is reported as being efficient against yellow
nutsedge infestatious. It kills seedlings already produced and
exposes some tubers to en&itonnental extremes (cold or
desiccation)., Cultivation can provide excellent cogtrol of
yellow nutsedge, but must be repeated frequently to be
effective. Thullen and Keeley (1975) recommended a b-v’nk
interval between cultivations for optimum control. If tuber
longevity is taken into account, cultivations should be done
for at least two years toieffactively reduce yellow nutsedge
tuber population levels.  This has been recommended for purple

nutsedge control (Cyperus rotundus L.) (Thullen and Kesley,

1975). Culti;ation in crops is ‘sometimes reported as being as

efficient as the use :! hc}bicidc- (Stoller et al., 1979).

Several herbicides provide some control of yellow nutsedge &

(Table 1.1). They gave between 75 to 98 X control of yellow

%

B B i

T e e ET L e ) . %

~ “ B [ ~ ;{t &‘f;‘ lx.m,.;t

14



“(Co61 .lgaﬁluouuoq!g}‘n~ou‘ul-4i¢~33"i§’!i-

eI IvaTided Ty 1iderd-g wisyousey
. SPTRSI808( 14NIOTEGINE- | - Lx0NION-T )it~ ( 1APORETAGIOUN- 140707 ) --030TH-L é

. .- ) sweTneEnss Tidealty 1igav-g %
pornaedrecst doxd ., ey yewsqive(tidesiTinIen-T )sT THqI0-3 *elwg

° soueBsomw ~ 3ved SPTEOTI-T'T SEO-(IC J¥-STRVIPRTRIOTER-C * | ‘ 2=(W1 )~ (TAN2OTANI0- | )¢ Lanid i |

ore buw YT 1SR ER 335 E T (1RIOTARIN ) - 1N -2 T -geeay

T pervaedaeent Surrverdesd SPTERI009( 1 AqISOLIONITE)--( 1 ABONS T AN 20T P-9 T )220 14T setyoery

"nee
«OPITAIoN

wosIverIdde Jo wpen smew TEITRER)

*2202 uy shpogIne ATk J9u)eIe TPEEE) WISIVED N POPUSERIONE LTINELIND SEPTIINISY SATIISIN °T°] OTqey

»

‘A"'{‘ Y

, SO -
PO 4"”1»
R

A
. ‘:*.;.
"y

‘4
A EesL -

o PRI
ol LT
AL A

LI NI TP )
AT g Y

y
¥

N o
s % v
ki AL



-

nutsedge in the experimental area yearly between 1982 and 1984
(Watson, pers. comm.). They pc}for- well although their
effectiveness depends on soil type and environmental

-

conditions. Their period of activity varies between 2 to 8
weaks or-more, and their efficacy against yellow nutsedge {38

sometimes erratic (Stoller, 1981).

Currcncly; there are no biological control agent{_phat are
actively used against yellow nutsedge in field infestations, )
Several organisms have been reporcted to attack yellow nutsedge
(Mulltgan and Junkins, 1976) and research is currently being
conducted on two pro.ising\or;nnil-s, The organisms are a

weevil, Bactra verutsna Zeller; and a rust, Pvccinia

canaliculata (Schw.) Lagerh.. Both organisms naturally control -

the weed too late in the season and at too low a level to
prevent crop yield raductions and tuber production., A solution
is to multiply these organisms in laboratories: or grcenhouse;
and to relesse them early in the growing sesson in order to
I;Xilile thcir)cffacf‘on yellow nutsedge (Frick and Wilson,

1978; Phatak et al.,, 1983; Stoller, 1981).

Crop rotations are ;econncndcd to suppress yellow
nutsedge. Yellow nutsadge is considered a boor competitor and
very sensitive to shade, Therefore, crops that rapidly develop
a8 canopy could contribute to controlling yellow nutseadge
(Jordan-Molero, 1978; chlqi\thdzéhullcn.01978; Pattarson,
1982). Crops such as llf‘lfc are reported to have few problems
with yellow nutsedge after the year of establishment (Bendixen

and Stroube, 1977). The main benefit of crop rotation as a

o
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method to control yellow nutsedge 1is thit differeat control
measures can be used in different crops, therefore aliowing
some floxibtiicy in choosing the control methods. Most
cropping systems tested were very successful and réduced yellow
nutsedge populations by over 90 X 'in three yesars (Keelay et
al., l979.5190;). These systems involved the use of
cultivation with or without harbicides, plus alfalfa, barley,
cogn, cotton, potatoes, and soybeans, _ |

(8

I

Increasing the crop dennity or dcerosni;g the space
b‘qucn crop rows is reported to decrease y;llow nutsedge
growth (Bell et al., 1962; Ghafar and Watson, 1983b). Other
cultural practices such as early planting so that:the crop is
already established when yellow nutsedgé emerges can be used
(Ghafar and Watsom, 1983a). Also, delayed plant;ng can allow

yellov nutsedge to emerge and be killed before the crop is

planted (Stoller, 198i).

These different control methods vary in effccti;enens and
they all suffer from the fact that thoy‘rarcly afford season
long control. The control ‘methods .available are most effactive
in corn and soybeans and will usually pre;ont yield losses, but

will not totally control yellow nutsedge during the growing

season, Either some plants will becose established because
1 megsure used will lose

they escaped control, or the coat

effectiveness during the growing season, /allowing some plants

to become established. Further given yellow nutsedge
. ]
tuber longevity, the infcntnk ons will resurge the following

year and control methods must be repested yearly. ~If a control
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progran is applied for less than four.years, or if there is any
. #

lesse¢ning of the pressure on yellow nutsedge, this weed will

often reach its original infestation level within one or

possibly two growing season (Lapham et al., 1985).

In general, yellow nutsedge infestations have rarely been

successfully reduced for a significant length of time in Quebec
because the control methods :

-~ are costly, -

-~ must be applied for a number of years,

-~ reqdire close attention for herbicide application
and monitoring of the weed”s stage of growth
in some casas, ’

- are not flexible (few effective measures possible
in few crops), and K

- knowledge and control methods are incomplete for a\
proper control of yellow nutsedge. _

In view of these problems, it is suggested that an
integrated management program would be more cost effective and

flexible (Getz and Guttierez, 1982; Miller, 1982) against

el
-

}ollow nutsedge. An integrated management program means that
every available con:rgllnethod against yellow nutﬁedge'shOuld
be conaid;red, alone or in combination, The life cycle_stages
vhen yellow nutsedge is most susceptible to control would be
identified and taken into consideration., The factors limiting
"yellow nutsedge growth and the crop management techniques that

can best exploit yellow nutsedge weaknesses would also be

identified and considered.

o
[

9

Since tubers can not be killed directly by most available
control techniques and since some tubers will remain dormant

and viasble for over four vears, yellow nutsedge infestatioans

Yonnmes O
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could not be destroyed within one year. Therefore, yellow
nutsedge control must be planned for several years to manage
infestations so that they are either reduced to, or stabilized
at, a non~detrimental level since eradication is impossible for

all practical purposes.

1

The tubers are the survival units of yellow nutsedge aund,
as such, should be used as the basic unita-throuih which the
success of any control program can be assessed. Since they are
viable for sevgtal years and maintain yellow nutsedge
infestations in cultivated fields, it is suggested that tuber

demography should be used as the cornerstone in the development

of any yellow nutsedge management progran.

There are two main approaches that could be considered in
the development of integrated yellow nutsedge management

programas: an empirical approach or a systematic approach. The

. empirical approach would consist of intuitively selecting and

testing new treatments, or treatment coybina:ions, to control
yellow nutsedge by selectiing co;crol methods that were reported
as being good to excellent against yellow nutsedge or agsainst
other weeds. Afterwards, the proaising combinations would be
further evaluated. The systematic spproach would consist of
using a model of yellow nutsedge t;;;?\yopulation dynamics and,
ghf;ugh simulations, selecting the treatments or treatment
conbinations that showed promising results against yellow
nutsedge, Subsequently, the effectiveness of the treatment

combinations would be verified in the field.,
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The modeling of yellow nutsedge tuber population dynamics
is suggested beca:se the number of experiments that would be
required to develop a yellow nutsedge management program using
the empirical approach would be too large for practical,
undertaking. Furthermore, the treatment combinations th;t

could be the most effzfienc againgt yellow nutsedge might not

be tested if the number of treatments was reduced. For

£

4]

example, if 6 dates of seeding, 6 seeding densities, 8 crop
species, 2 fertilizer regimes, 4 harvest aLtes, 3 types of
tillage nachinety,vtnd 12 different combinations of control
techniques (such as )} or 2 cultivations, at selected time
intervals, at a range of dates, vith different herbiéides and
application rates and so on) yere considered, this would give
over 80,000 possible combinations. This axample is gsimplified
but the implications remain in that it is impossible to
allocate enoubh regsources to test even a fraction of the
possible combinations in the field. Some combinations could be
eliminated 1nnediatelj)for lack of potential, bué that w:uld
still leave far too many treatments. Furthermore, these tests
would have to be done for several years, which increases .heir
cost and the difficulty in jusctifying them., However, it wou;ﬁ
be easy and economical; using coamputer simulations, to examine
every possible treatment co-bigation, for 5, 10 or more years.
Therefore, it is suggested that the use of a yellow nutsedée

'

tuber population dynamics model would reaplace most of the -
eapirical work required to provide the data needed for the
elaboration of integrated yellow nutsedge management

strategies.’
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The main objective of this research ptoqui is to develop a
yollpv nutledgc tuber populati&n dynamics nodei.thnt could be
used in the selection of yellow nu;fedge management prograams. C\#
An appropriate type of model, such :svill be used in this
project, 1is a ;odificd Leslie matrix. Its properties have
nlrcaéy been demonstrated in general deloginphicxvork (Pielou,
1977; Usher, 1972) and 19 the study of weed ?opuiationa ;

.

(Morctimer, 1983; Watson, 1985).

There is s large volume of data available on yellow
nutsedge in the literature, but the data originated from areas
with different grgving conditions and were likely taken on
different biogypeu. Therefore, sufficieng data must be
collected on local infestations to allow proper estimatioe of
the parameters required in the development of a yellow nutsedge

tuber population model.

Certain information was required before proceeding to the
development of the model. Therefore, more specific objectives,
which are presented in separate sections, were :

- to assesc the importance of plant parts other than
tubers in yellow nutsedge population dynamics,

- to determine tuber sige diutributioni

- to determine tuber longevity, ’

- to determine the depth of tuber production in the
soll,

- to ascertain the effect of density on tuber

production,
-~

- to determine changes in :uberviunber with time,
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~

= to assgess the effect of delayed emergence on tuber
numbers,

(w) ~ to assess the effect of interrupted growth on tuber
numbers, and

- to determine the effect of coru on tuber production.

The thesis is arrsnged with informatton on the separ;ta
experiments Presented initially, followed by parsmeter

/////cstilationl of the model and model devclo;ncn:.

¢

a
K A B
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"GENERAL MATERIALS AND METHODS

2;0. Introduction ¢

v

- Field experiments vere conducted over & 3 year period,
1981 to 1983, in a research area located at Macdomald College,
Ste—Anneide-BelleVue, Quebec (45926°N, 73°56°W). The soil was
a St-Ameble loamy sand with & pH of 5.9, 3.4% organic natter,
and an average of 300 kg/ha of P,0; and 400 kg/ha of K,0. The
801l preparation consisted of plowing in the fall, a spring

{ tillage, followed by a fertilizer application of 5-20-20 which

was incorporated with a harrow., Details of the field

operations are presented in Table 2,1.

§ilage corn (cv. COOP-$S-265) was planted at a density of
66,667 plant;/ha with a spacing of 75 cm between and 20 cm
within the row, A starter fertiligzer (18-46-0) was applied at
tée rate of 30 kg/ha over the seeds at planting and 150 kg/ha
of 34-0-0 vas side dressed vhen corn was at the 4- ?6 6-leaf
‘ltlgc and again 3 weeks later. The corn yield was not
determined, but in all years of the study, corn growth was

normal and the plants had a height of over 1.5 m.

The ;xpetilencal area had been infested by yellow nutsedge

( ) for several years and the infestation vwas uniform at the start

. 1(’ -




°

Table 2.1. General fi{eld operations in the experimeatal ares.

Year Pertilizer® Last tillage Seeding date
rate date
, (Kg/Ha)
1981 360 May 14 May 19
1987 - 480 May 13 May 14
1983 360 May 14 May 14

®°A 5-20-20 fertiliszer that was applied

P hante

Ta st ﬁf-‘(»ﬁé

SR

Jn,

prior to seeding.
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of the rasearch project. All other weeds were removed manually
» . . .
as they appeared. 'During the second and third years of the

study, dicamba was applied over the experimental area at a rate

. of 0.6 kg/ha in the week after the last tillage to assist in

brosdleaf coantrol.

»

Treatments involving hoeing consisted of using a hoe to

cut any shoots that were visible., The soil of the plots was

disturbed in buly the top 3 cm. The rototiller used in the
course of this project consy{::d of a plot rototiller that

vorked the soil to a depth of 10 to 15 cm.

2

2,1 Sampling neth9dology : ‘ ) o
. : - ’
Yellow nuts;dge growth and development was assessed both
by above and underground sampling. Quadrats (25 By 25 cm)
placed at random were used to delineate the aboveground
R\ﬁpling site, Sanpliné consisted of clipping the shoots at
ground level, The underground sampling was doue using the aoii
sanpler described 5y Gutman 4nd Watson (1980). The sampler
dinmensions were 15 by 15 by 15 cm and it was used at randonm

<

within the area where the aboveground ssaple had previously
”

been taken. All plots had guard rows or the equivalent on

every li{:. Paths were utilized within larger plots in order

not to disturb sanpling areas.

Shoots wers dried to constant weight in an oven at 55 c{i
The s0il samples were washed by running water as described by

Gutman and Watsca (1980). The material retained in the sieve
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[
was dried to a conctcﬁ} waight ia a forced air oven kept at 45

-

to 50 C. Afterwards, the tubers were counted, driead again in

‘

an oven, aud weighed. ) ,

3

2.2 Statistical analysis :
e
’ Snv?tnl varicbles were measured and chc chcn“uoc§ to o
cclculacL ratios. The aboveground variables measured vcr; ’ =
number of shoots and .shoot biomass per m2, The underground -
variables consisted of number and dry weight of tubers

separated into two size classes, smaller or greater than 3.97

am, The values are reportad on a m2 basis and to a depih of 15

cm in the 301l unless otherwise stated.

¥

The total number of tubers and the total tuber d:y'veiéht

vere obtained by combining the data from the two size classes. ;
Some r;tioa were calculated to obtain a measure of the
contribution of the smaller tubers to the total tuber x
population, Tuber number ratio was the number of small tubers
divided by the total number of tubers and the tuber dry weight

ratio was the dry weight of the small tubers divided by the

total tuber dry weight (Table 2.2). Dry weight expressed on aan

srea basis will bf referred to as biomass. Since the overall :
objective is directed at yallow nutsedge man gg;ant through 15:
tubers, only tuber dats will be used in developing a yellow

nutsedge tuber population dynamics model, the aboveground data

will not be presented or unilifod in the present study.

-

Anslyses of variance were done on the variables oxr ratios

L]
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Teable 2.2. Parameaters and ratios used throughout this research

project.
Variadble Description’ (
-~ ‘-\-’ —~ , ‘
Tuber number ¢ Totsl-ftiumber of tubers ?lnnll+1:rzn)‘
L
Tuber number ratio t Nupbar of small tubers / total
nunber of tubers
Tuber biomass s Total dry voi!ht of tubers (|n¢11+
large) (g m
. Tuber biomass ratio : Biomass of small :ubcrn / total

tuber bionass

% Small tubers were smaller than 3.97 mm and large tubers were
larger than 3.97 mm,

b Tuber datas vaa"lxprcslod per n? to a depth of 15 cu in the
s0il except when otherwise reported.
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‘uuinl the Statistical Analysis System (SAS; Anonymous, 1985).

Samples and data sets were tested for homogeneity of variances,
nonadditivity, and normality using progranms accompanying the
book by Sokal and Rohlf (1981 :} Homoganeity of variance was
tested using Hartley's ?-‘x-te t, Bartlett’s test for
homogeneity of variances, aﬁd the Scheffe~Box test. Tukey's
test ys{/;-ed to test for nonadditivity., Normality was tested
using the xolnogorov—SnirPov test for goodness ;t fit. No data

transformations were required to analyse the deta used in this

‘thcaqs.

'
\

Polynomial regressions can misrepresent data by
unrealiltic behavior such as negative values or overshooting
and decraasing value( before the true ;aximun is reached.
Thcritora; regressions were only fitted to data that was used
in the modeling dovelOpuent'of yellow nutsedge tuber population
dynamics and the other variables wera described by the standard
error of the ;e;ns and compared ihtough the least lignificant
difference at the 5 X level of probability (LsD 0.05f.
Although the LSD is less appropriate than the regression
analysis, it is sufficient for the intended purpose of

discussion,

Whenever polliblc, single degrees of freedom components at

the 5% level of significance were used in the analysis of

varisnce to sslect tha polynomial levels that would be retained

to calculate the regression. Afterwards, the regrsssion \

equations vere calculated using the msans.

@
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w Section 3

A

IMPORTANCE OF PLANT ranrs_ornsx THAN TUBERS IN

. YELLOW NUTSEDGE POPULATION DYNAMICS
3.0 Introduction :

The "‘main objective of the research on yellov nutsedge at
Macdonald College is the development of an integrated yellow
nutlcdia management program. Although tubers are considered as
the sole means of perpetuation for yellow nutsedge in the
ficlf, the potential of achenes; rhizomes and'basnl bulbs in
contributing to the regensration of yellow nutsedge populations
must be assessed in order not to neglect what could be

significant factors in yellow nutsedge population dynamics.

Yellow nutsedge is a pereunial weed which has perfect
flowars, is wind poll;natcd, and is self-incompatible (Mulligan
and Junkins, 1976). Reports on the number of achenes it
produces in the fileld vary widely from none (Mulligan and
Junkins, 1976) to 605 million per hectare (Hill et al., 1963)
with a wide range of percentage germination (Table 3.1), |

This variability is reportedly associated with the fact

)
that in somec areas, infestations are clones of yellow nutsedge’
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Table 3.1. Naported yellow nutseigs seed produ and nr-inton.
L
Sxparisental Nusber of seeds % geratnagios Reference .
location per tuflorescencs .
Miz. Méx. Mesn Mi{n, Max, Mean
! Califorania 26 692 228 1 78 5s Thullan and Keeley (1979)
i
' Naw York 12 3238 555 0 84 25 Kelley (1950)
{
; Maine 104 2010 485 2 9s 67 Justice and Whitehead (1946)
Massachusatts 43 8l 46 Bill et al. (1963)
Northesst, U.S. 29 84 53 Bell ac sl. (1962)
Nerchesst. U.S. 1 1 16 Beil and Larssen (1960)

?’A

e

«t
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and therefore finfertile. Achene productiogx would sccordingly
depend on . cross—pollination with other genotypes and thus be
dependent on distance and environnental conditions at the time
of pollination (Mulligen and Junkins, 1976). Furthermore,
‘within a stand, the number of flowering individuals is reported
to decrease with increased density, which could furt'her reduce
the numbey of inflorescences and, cons;quently the potential
nuaber of achenes produced (Hill et al., 1963). The growth of
yellow nutsedge is affected by shading and fewer inflorescences
*would be produced in situvations where there is a closed canopy
later in the growing season, such as in a field crop (Bell et
al., 1965; Jordan~Molero and Stoller, 1978; Keeley and Thullen,

1978; Patterson, 1982).

However, despite yellow nutsedge’s great potential to
produce viable achene;, the achenes” contribution to
-entabliuhed infestations is considered minimal, 1if not
negligible, since thfre are no reports of seedling development
in field situations. This fact has lead-.sevttal researchers to
state that yellow nutsedxe\reproduces odstly, if not
exclusively, by tubers (Hauser, 1968;«43;T?}an and Junkins,
1976 ; Stoller, 1981; Thullen and Keeley, 1979),

The vegetative spread and propagation of yellow nutsedge
begins with rhizomes which originate from basal bulbs, These
thizomes differentiate into either a tuber or a basal bulbd at
their apex. Since these rhizomes have occasionally been found
to branch (Jansen, 1971; Lorougnon, 1969; Wills et 91.,11980),

they aust have potentially active buds at their nodes and

.

o

*
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.therefore could have regenerative abilities, a8 do rhizomes of

other weed species (iigcl and Koller, 1985). -

The basal-buib is formed fronm t&é meristenatic cells of
the rhizome apex and produces aecondary'rhizonea, leaves,
toofl. and the flowering stalk; and it 1is considered as being
the ptincipﬂl site of inttiation of vegetative growth for
yellow nutsedge (Wills et al.,, 1980). Up to 15 rhizomes can
originate from the same buldb and produce more basal bulbs

{daughter shoots) or tubers.

. [
Tillage operations are paxt of most field management

practices and therefore could contribute to multiplying yellow
nuiuedge by cutting and/or spreading its rhizomes, basal

bulbs, or achenes, The following experiments were undertaken
to evaluate the potential of achenes, rhizomes and basal bulbs

in contributing th the regeneration of yellow nutgedge

populations.

<

. 3.1 Materials and methods :

oan

Flower heads were collected when yellow nutsedge shoots
had all senesced (late September). Twenty ?llplel were taken
both.in 1983 and 1984 audcuthanp#econaiated oftw:nty
flower heads collected from pure stands, The flower heads were
stored in the dark at room temperature uniil May f985 when the
inflorescences were tMxeshed, and £he achenes were collected
and counted. They wvere then placed on two layers of moistened

filter paper in petri dishes., The dishes were covcfed, kept

o4
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constantly.moist and placed in a growth cabinet with a diurnal
temperature 24 C / 18 C and a l4 hour photoperiod., Gerainating
achenes were renovéd and counted when shoots reached 5 nm in

length.. The experiment was terminated after 6 weeks.

Rhizomes were taken at random from pure yellow nutsedge
stands (Aug., 3, 1983), cut in 7 to 10 cm long segments vith at
least 2 nodes, Each segment was then placed in waxed cardboard
boxes, covered with sand, and transferred to a seed germinator
cabinet (20 boxes with 10 rhizomes e;ch). The boxes were 12 cm
by 12 cm and were 4 cm high. The temperature was 28 C for 8
hours of light, and 20 C during the dark periodi The s0il was
kept moist at all times. The boxes were observed for plant
regeneration during a 4 week period.

Basal bulbs of healthy green plants were taken from pure
stands of yellow nutsedge (Aug. 3, 1983). Shoots were cu{ 1.5
ce above the buldb collar and rhizomes connected to the bulbd

wvere cut 1.5 ca from {it., The bulbs were then placed in waxed

~

cardboard boxes (10 boxed with 20 bulbs each). The boxes were
placed under the same conditions as described for the rhizomes.
They were observed for plant regeneration during a 4 week

T~
period.

3.2, Results and discussion : N ﬁﬁjy

7 '-)

There was an average of 3.05 achenes/inflorescence based
on inflorescences collected in 1983 with extremes of 0.2 to

10.4 achenes. The average germination rate was 24 X with
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extremes of O and 50 %X, More than twice as many achenes were

produced in 1984, with 6.4 achenes/inflorescence and extremes

Il
t

of 1.3 to 25.7 achenes. The average germination rate was 25 X

with-a miacimuna of 3 % and a maximum of 53 % (Table 3.25.

The difference in achene production could probably be
attributed to differences in enviroamental factors. The number
produced is clearly less than that reported for yellow nutasedge
ia the United States (Table 3.1) but the germination rate is
well within that of recorded reports. The number of achenes
produced ﬁere is probably lower because the plant is at its
northern limit, aad therefore growing unJ;r sub-optimal
conditions., Furthermore, since yecllow nutsedge requires cross-—
pollination, it is possible that a scarcity of different
genotypes exists {n the area, thus limiting the number of
£1%v¢rs fertilized (Mulligan and Junkins, 1976). The ache;;.
that did not germinate could have been dormant (Justice and

-

Whitehead, 1946) but no effort was made to determine this.

The contribution of yellow nutsedge achenes to already
established infestations 1is probably minimal. Under the
present experimental conditions, approximately 40
inflorescences n~2 we;c produced, each yielding an average of
4.7 achenes, therefore generating 200 achenes u~2, (Contrasted
to this, over 15000 tubers n~2 ywere produced in the same area
(Section 7). Furthermore, Stoller (1981) states that the
achenes produce small and non-vigorous seedlings that do not
surviQQ in cultivated fields., However, pchene contribution to

»

dispersal in time and space could potentially be highly

—— T —————
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.Table 3.2, Production and geraination rate of achenes of ¢
- ’ yellow nutsedge at Ste-inne~de-Bellevue, Quebec,
. N in 1983 and 1984,
1983 1984
sauple® ,Schene germination achene geraination
nusber number (X ) number (2 )
1 %2 2 44 30
2 125 15 99 33
3 116 48 93 41
4 14 0 36 28
5 47 19 351 11
6 208 13 . . 260 15
7 136 ~ 0 143 10
) 33 15 81 . 21
9 35 14 74 22
10 67 30 48 46
- 11 22 27 178 33
12 22 41 135 32
13 4 - 50 26 4
14 25 44 92 10
15 [ 25 49 14
16 5 40 48 33
. 17 21 24 109 24
. 18 61 16 99 53
19 99 30 515 3
20 72 24 A 53 43

means 61 24 127 25

2 Rach sample counsisted of 20 inflorescences.

-

-

e g
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significant. g .
) ' N

Mulligan and Junkins (1976) found achenes on an herbarium
specimen that were still viable 56 years after the plant had
beean collected. Under ficld’conditionc, in an §xperinanc on
the longevity of buried seeds, Goss (19%4) reported that yellow
nutsedge achenes had a 5 to 17 I germinati n rate after 20 |
years in the soil. From these observatigns, and considering
that some of the achenes are probably d63§hnt1 thé potential of
yellow nutsedge achenes in perpetuating the species through
time is important, and stresses the fact that field
infestations could recur, after being totally coatrolled,

wvithout re~introduction of seeds or tubers in the field.

Another, and possibly more important, function of the
sachenas 1is the establishment of new populations through
dispersal in spsce (Hildl et al., 1963). They are probably
dinpetlcd by water or by animals associated with their natural
habitat., The natural habitat occurs along the shores of
rivers, streans, lakes, and in bogs and marshes (farko and
Smart, 1978; Mulligan and Junkins, 1976). In the experizéncal
area, it was observed that once senesced, the rachis tended to

v

break easily, allowing it to be carried some distance,

The rhizomes 'and basal bulbs did not show any vegetative

~

growth during the-course of the experiment, which concurs with

the findings of Orsenigo (1953). The rhizoames and the basal
bulbs do not accumulate starch and therefore have a reduced

possibility of regenerating the plant if they are severed from

-

et - - - -
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the original tuber or rhizome that produged them (Jansen, 1971;
Wille et al,.,, 1980). Stoller et ;1. (1972) found tﬁaf plants
¢ut below the basal bulb and transplangted, or that plants
transplanted without the mother tuber,/could grow, although to

a much lesser extent than intact plants.

The contribution of yellow nutsedge achenes to established
1n!eléltioul is probably negligible since they are produced in
low numbers, they have f;lativcly low germination r{tel, and
there is no evidence of seedling establishment in the field.

Achene production can therefore be negleacted when considering

yellow nputsedge management systems., HoweVer, achenes can be an

importiént factor in spreading ycllov'hu;ecdge acto‘s short or
great distances, either by tir- machinery or other means, *
Therefore, preventive contt;l seasures should be counsidered in
order to restrict spread of yellow nntu;dgc td\yew aress as

achenes, ; |
"3 | ’
Rhizomes and basal bulbs do not regeverats yellow nutsedge
on their own and thcr;tote do not conftihp:q in maintainiag
yellow nutsedge populations. The use of tillage or other fald

operations can be considered -without running the<®rtek of

multiplying the plant by cutting its rhizomes or bassl bulbs.

[N
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_Section 4§

TUBER SIZE DISTRIBQ‘JON
4.0 Introduciion :

Tubers are considered as the main, if not sole, neans of

'propagacion for yellow nutsedge populations in fields (Mulligan

and Junkins, 1976; Stoller, 1981). Tubar shape is generally
spherical although 1t l;y vary considerably., Tuber size and
welght viry betwean (Keeley and Thullen, 1970; ﬁn:thicoen andv’
Stoller, 1978; Stoller and Wax, 1973;48t0113r,'ucna, and Bhan,
1972; s:qllot and Weber, 1975; Thullen and Keeley, 1975;
Tumbleson and !o--cdhnl,bl96l), and within yellow nutsedge
populations (Ghafar and Watsoun, 1983a,b). Tuber size and
weight are probably tcgul*tod by both genetic and environmental

factors.

I

There are several characteristics associlated with
differences in tuber size and veight. The number, size, and
rate of production of shoots are proportional to tuber weight
and size (Stoller et al., 1972; Stoller and Wax, 1973; Thullen
and’;cclcy, 1975; Y{lllcjo. 1979). Tubnr‘longcvity is

correlated to tuber wei{ght and sixe (Thullen and Keeley, 19793).
' -
. 30, .
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Furthermoré, susceptibility to atrazine is inversely related to

. \' a
tuber weight (vilamajo, 1979). The nunber of buds found on
tubers and tuber sprouting and .re-sprouting rate, on the other
hand, are £~t related to tuber size or wveight (Thullen and

Keeley, 1975).

The above properties are important for yellow nutsedge
population dynamics and thersfore :uyct size and weight: should
be considered in ‘tudi;; of ysllow nutsedge and the assessment
of management systems. Therefore, the following sampling was
undertaken to determine the tuber gize distribution of yellow

nutsedge in the field population of the experimental site.

'4.1 Materials and methods :

Sampling was conducted in late fall (October, 1983) with
randomly acligngd sanpling sites located in pure yellow
nutsedge stands. All yellow nutsedge shoots were dead at the
timne of sampling. Using a shovel, soil wvas resoved to a depth
°§ 15 cm. The samples wers washed and kept 1in cold storage (4
C) vntil the tubers were sorted by size and weighed. Size hcrq
%f‘ucod to refer to the u-u{lcug diametsr of a tube The
tu\bltl were then ;iricd to a constant weight ina conv-eccion
oven kept at 55 C, -ortodﬁby size, and weighed 0311;. Fourteen
sieves of different diameters were used to sort the tubers by
size. These sieves wers in imperial units (64 th of ‘inch).

The sizses have been converted to am throughout this study,

which explains the frtcttoua} measures of the size classes

[rre—
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weight was evaluated.

(lel. ‘ol)o . .

°

4.2 Results and discussion :

-

There were 3096 tubers in the bample taken fros the £field.

The fresh tuber dietribution is presented in Table 4.1; Fresh

R .

tubers had a mean size of 5.96 mm and a median of 5.88 mm

.

(Table 4.2). Their distribution was skewed to the right
(positive gl value) and v;o platykurtic (negative g2

valie)(Sokal and Rohlf, 1981). The fresh tuber sizes were not.

normally distributed at the 5% significance level (D-ai value,

Sokal and Rohlf, 1981). The average tuber fresh weight was 110

~

A} .
mg vith axtremes of 4 and 462 mg. These values wvere similar to
valnqc’oblcrv-d in other areas (Table 4.3) and the eizes are

co-pztnbic to that reported by Tumbleson and Koamedahl (1961).

The dry tubers had a mean size of 4.86 am and a median of
4.82 am, The values for the different size classes are found
in Table 4.1 and the statistics ia Table &.4; The dry tuber é
size distribution was skewed to the right and platykurtic, but
followed a normal distribution., The average dry weight was 66
mg vith extremes of 2 and 384 ag, vhj,_c.h’corrclpondcd to valuas

[

reported eslsewhere (Table 4.3).
Sincea the dry tubdbers” size distribution was found to be

normal and since all tuber measurements in this thesis wvers

the relation between dry tuber size and
N

The data and the calculated ragrassion

done on dry tubers,

'arclillultratod in Figure 4.1. The realation was quadratic ‘and

D

-




“Table 4.1. 8Size and weight of tubers of yellow nu:sidgc
sampled from the field in the fall of 1983.

Tuber Fresh tubers Dry tubers
sige ° Mean Mean
Numbar " weight Number weight
64 th , E
inch (am) (mg) ’ (ng)
3 1.191 0 0 16 2
& 5 1.984 20 4 90 S
7 2.778 93 10 301 13
9 3.572 248 22 473 24
11 4.366 427 39 . 623 41
13 5159 543 . 64 598 65
15 5.953 526 .94 494 ) 92
17 6.747 . 469 134 312 130
19 7.541 392 17 131 168
21 8.334 230 . 24 ) 44 235
23 9.128 94 291 10 309
25 9.922 37 3s3 3 282
27 10.716 16 383 1 384

29 11,509 1 - 462 0 0

Table 4.2. Statistics of yellow nutsedge fresh tuber size

distribution. .
Statistic Stqndard Confidence limits
_ error (952)
&

Mean 5.956 .029 5.893 '6.010
Median 5.884 037 5.810 3.957
IV|r1anéo 2.775 ' ”
Gi18 .18 <04 .10 027
G2* . -.34 .09 - =e51 -.17
Dyax® 024

& Moment statistics.
b Kolmogorov-Sairnov test-statistic D.
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Table 4.3. Reported fresh and dry vcizht of yellow nutsedge

tubers.
Location Tuber Referencs

Fresh Dry

waight waight ‘

(ag) (mg) "

Oresgon 240 o * Costa and Appleby, 1976
Quebec 49-71 Ghafar and Wageon, 1983a
California 16-338 Keeley and Thullen, 1970

Gaorgia 350-530 158-233 Matthiesen and Stoller, 1978
Illinois 150 88 " "

Marylaad 710 404 " "

Minnesota - 70 31, " . "

Oklahona 230 , 129 " .o”

Illinois 61-294 Stoller ot al., 1972

Illinois 50-120 _ Stoller and Wax, 1973

Illiaois 2558 135 Stoller aund Weber, 1975

Georgia . 862 538 " . "

California 157-662 Thullen and Keeley, 1975
Minnesota' 160-28S Tumbleson and Kommedhal, 1961 _

£l

Table 4.4, Statistics of yellow nutsedge dr} tuber size

distridbution.
&
Statistic Standard Confidente limits
srror (952)
o
Mean 4.865% «026 4.81) 4.916
H.diln 4.022 0033 ‘0757 . ‘0887
Variance 2.172
Gi1s ' .17 .04 .08 .25
G284 -, 24 .09 o ~.h] -.06
b .
Dpax 7013
i
® Moment statistics. ) )
b

Kolmogorov-8Smirnov tast-statistic D.
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TUBER SIZE (mm) ~ )
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Figure &.1. Yellow nutsedge tuber dry weight in relation to
tuber size. Where the regression is Y = 0.003 - 0.008X +
0.004Xx2 (#2= 0.98, Pr= 0.005) and where Y = the tuber dry
wveight in g, X = tuber size in mm, RZ2wcoefficient of
. determinacion and Pr = significance level.
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significant at 0.001 %. _Identical results were obtained for
the frolh tubers. Th.rofotc, since tgete was a close relation
bctvcon che tuber :1:. and weight, these two terus were used

interchangeably throughout the rest of this study.

Tuber sorting and weighing by size was found to be
extremaly labor intensive, therefore it was decided that kubcrl
would bes sorted in only 2 gsizes, ?-all and large. This allowed
the compilation of ratios of small tubers to overall tuber
number or weight and thereby permitted the observation of tubdber

population shifts towarde smaller or larger tubers,

As stated above, the mean end median size of dry tubers
was 4.86 and 4.82 mn, respectively, and they were both in the
same size class (Table 4.1). If thie class was selected to
sort tubor-’inqo snall or large categories, shifts in the ratio

could be detected, nlthouggxbiologically negligible shifts in’

tuber size would have occurred around the mean. Therefore, the

contiguous size class would be more appropriate, since it would
be less sensitive to cna}l shifts in size but would indicate
important shifts towards smaller or larger tubers.

Arbitrnrily. the smaller rf;c class (4.37 um) was choscn to
saparate ttu tubers in liiao, wvhere tubers greater than or

uqual to 3. 97 R’ were qaﬁlidorcd as largo tubers and those

\.,-\

ssaller than 3.97 ll as small tubers. Keeley and Thullen

(1970) used a similar size (4 mm) for tuber studies. The-
. a B

advantage of chéooing the smaller size class was that the

ratios calculated gave an immediate percentage -clluﬁc of the

proportion of the small tubers in the sample.

A



; ( ) In the present sample, the number of dry tubers smaller
! than 3.97 am was 880 and the ratio of small tubers to total
r

!

tuber numbar was 0.2842. Tha total dry weight of the small
tubers was 16.076 g and the total tuber weight was 202.859 g.
The ut‘to/o#f small tuber dry weight to total tuber dry weight

was 0.079247. s

O |




Saction S

YELLOW NUTSEDGE TUBER LONGEVITY
. s

%

5.0 Iatroduction :

Tubers are counsidered as the only means by which yellow
uutsedge persists in cultivated fields (Stoller, 1981). Under
temperate conditions, the tubers ov;r;inter and reestablish
yellow nutsedge the following spring. iolt of the tubers
sprout the first spring but some remain dornant.' Tubers are
reported to lose viability rapfiily witha 62 % to 86 %
reduction the first year (Ball et al,, 1962; Doty, 1973;
Stoller and Wax, 1973). However, in some instapces,
viabilities otl_to 8 X have been reported after 4 yn}Es or

more (Thullen and xeolcy.ll981).

Tuber depth in'!he soll, tuber size, and environmental
conditions affect the length of time tubers remain viable.
Tuber longevity increases with depth (Bell et al., 1962;
Stoller, 1981), and with tuber site (Thullen and Keeley, 1975)
while an increase in soil moisture condiéioha results in a

decreasa in longevity (Thullén and Keeley, 1981).

Tuber longevity has an important function in the

AN

38



=

U

+39

population dynamics of yellow nutsedge since it determines the .
leval of the residual tuber population, and therefore
determineg the resilience of yellgv nuésedge infestations.
Consequently, tuber longevity must be taken into account, along

with the tuber ptoduc:ihn potential, in the development of an

integrated yellov nutsedge management prograa.

Avajilable information on tuber longevity is scattered
through numerous reports and is difficult to integrate into a
descriptive and predictive model. Furthermore, the growing
conditions and yellow nutsedge biotype(s) in each of the
experiments were different. Therefore, the present experiments
were undertaken to estimate tuber cohort (tubers of the same
age) longevity and to estimate the tuber pool (tuber bank)
longevity in an already infested area. The objectives were :
1) to assess the importance of tuber depth and size on
longevity, and 2) to obtain a descriptive and.predictive
regression of yellow nutsedge tuber longevity as a function of

time .
5.1 Materials and methods :

@wowﬁzgg: of expeariments were conducted to achisve thése
objectives, The first consisted of burying tubers of known age
and following their survival through time (tuber cohort

longevity). The second group of experiments consisted of

following the survival of established yell nutsedge tuber

populatiouns in tiht-uhglp preventing the formation of new
\\
\\ »
T -

—
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tubers (tuber banmk longevity).

¢
Tuber cohort longevity :

v

In the fall of 198i, after all yellow’'nutsedge shoots had
died (!ovolbcr)ﬁ, s0il samples were taken from the top 15 cm of
a field infested with a pure stand of yellow -nutledgo. The
samples were washed and tubers were sorted and counted. Tubers
that were pale brown, fully formed, and appeared healthy were
placed in polypropylene mesh envelopes, to which sand vas
added, and buried in plots in a field previgunly free of yellow

A
nutsedge, The experimental field had a soil texture and

structure similar to that of the field of tuber origin.

The experiment was planned for five years and during the
growving seasons, all vegetation was destroyed as it appeared,

( . Eight tuber sizes vere Ggdl, 1.6, 2.4, 3.2, 4.0, 4.8, 5.6, 6.3,
ind 7.1 sm, and were buried at ,t'hr;c iiffercnc depths, '6, 13,
and 19 cu. The number of tubers in each envelope of a specific
size are presented in Table S5.1. The difference in tuber

/ number was due to tuber nvuilggbility, and t{xe uneven size
/ classes were due to conversion from the imperial to the metric
system of measure., Because of the limited number of tubers,

tubers of size 1.6, 3.2, 4.8, and 6.3 mm were only saapled in

the spring while the other sizes were only lal-plcd in the fall.
Ten 2 by 2 m pllot:s were used and the experiment vas not
replicated. A peg wvas placed at the center of esch plot and
the envelopes were placed at 15 cm intervals slong diagonals

s fromthe peg to each plot corner: Envelopes of the same tuber

( size were buried along the same diagouoal with the cunes that

]

‘ L
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Table 5.1 HNumbar of tubers placed is fndfvidual euvslopas for the

tubar cohort loagesvity sxperiment. .
Tuber sise Tuber ssaber Tine of ¢

(m) sahpling

1.0 16 spring .

.8 55 1

3.4 L2 ] primg

4.4 100 all

5.2 100 Sprimng

6.0 100 N fall

6.7 63 spring .

7.5% . 3 fall

% Refars to the time st which the specific tuber sisze vas
sampled durisg the experimenat.

"
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/ . \
vere buried at 6 cm closest tothe peg and at 19 cm farthlpst -

( J from the peg. There were five diagonals of each tuber sizrks

¥
and, every year, one was taken out at random and tuber

viability wvas assessed.

Ll -

At the time of retrieval, tubare and sand £from the
envelopes were placed in waxed Fnrdhoard boxes .(12 cmby 12 ¢cam
by 4 cu high) and placed in a seed germinator cabinet. In the
cabinet, the temperature during the eight hour day was set. at
28 C and the night tllptf;:utl vas 20 C. The sand was k,pt

’ % moist and sprouting tubers were counted and removed as they’
| \ﬁ verse ob-crvcdk Att.f 4 veeks, ungerminated tubers remaining in
the boxes were taken out and examined, those tubers that were

’ ., id

firm and pales inside were counted as viable,

(TF—‘*\ . 81n£; there were no replications, a multiple regression

anslysis was performed on the percentage of viable tubers as s

function of time, tuber size, snd soil depth. There were 9, 8,

”

and' 3 levels of these factorp, respectively. The regression

anslysis was done using single degree of freedom components up

3

to'gbe cubic level for main-effects and interactions. The
balance of the levels were used for experimental error.
Components significant at the 5 I leyel weare retsined to

calculate the multiple regression bolynonial equation.
Y LT ‘
PR |
. oA -

‘Tuber bank longevity :

v
Two cxp%tilcnto were initiated to determine the longevity

- of fkllov nutsedge tubers in natural field infestations, One

\n ¥

experiment wvas established in an area vhere ysllow nutsedge had

b ’
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been actively growing tot'ovgr four years and the other

'cxporiloﬁt was lltlblilh;d in an ar;a that was previously

- infested by yellow nutsedge, but had been under alfalfa for the

last threes years. They were designated as young and old tuber

populations, respectively.,
. ’

It was assumed that the soll tubdber

bank consisted of a pool of tubars of all ;ge- in the first

expariment while 1t cousisted chiefly of older tubers in the

second one. The purpose was to determine how long the tuber

1

\ -
population would remain viable in the soil when the production

of any new tubers was prevented.

The methodology was the same for both experiments.

experiments were established in the spring of 1982 and

The

consisted of kceping'tht ground of the experimental area bare,

by hoc;ng, in order to prevent any tuber production.

Each

experiment consisted of 3 plots 6 mby 5 agubdivided into

- 2
subplots of 1| m by 1 ms Every 6 months, spring and fall,

for

three years, two subplots were randomly chosan and -alplid per

plot. The sampling was done using a 25 by 25 ca quadrat and *

consisted of removing the é0il in 5 cm layers, down to 30 cm.

. The ssmples were processed according to the procedure described

in Section 2,

5.2. Results apd discussion !

’

' The results for each series of experiments ar; first-

discussed separately after which general conclusions are drawn

from this sectiou.

a®
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Tubar cohort lon‘cvltz:

‘Thc effects of time, soil depth and tuber size on tuber

survival wvere tested for significance through multiple

—t-grcssion analysis and a polynomial was fitted to the

significant teras. Placement depth of the envelopes in the

\
801l was not found to have any statistically significant effect

on yellov nutsedge tuber survival while tuber size, time, and
their interaction were found to l§¥htficant1y'ntfccc thbct”
-uf;ivnl. Increase in tuber depth is considered to improve_
Eubor survival (Stoller, 1981), but the soil gradient in the
expsriment wvas probably too small to significantly affect tuder
survival. Aigo, the handling of the éxperimental mat®tial
before burisl could have removed any effect chné depth of

placement might have  had on tuber survival,

The lulti&lc regression polynomial of the percentage of
the original tubers that remained viable thfough time 18
plotted in Pigure 5.1. The number of viable tubers decreased
over time, with smaller tuh’aévdccrcnning more rapidly than the
largsr "ones. Approximately l.4 % of the originil Cubogc were
still viable after 3.5 years, but none were viable after 4
years. These results are in agreement with data reported by

Stoller (1981). There were no compilation or analyses done on

*
tuber number ratio or tuber vcig?& since the matarial was

originally sorted fresh and would not ba comparable to the data

obtained throughout the rest of this project,

The dcncripilon”tnd prediction of tuber survival is -

required in the development of a yolldﬁ nutsedge tuber

L4
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Figure S.l.‘ Multiple rozroci&gm\polynonial of the effect of
time and tuber size on yellow'uwutsedge tuber cohort

viability. The percentage valies are expressed as a function
of the tuber nusber originally used.

-,

. g !
a
. «
v
.
o
P n
@ - e -
-
e . - P
¥ [ ast 2ty
. AR PR ALL :
+ N 2Ry )
~ FUoaes Bae T AR
. . Yiady £ Ve p,3 kg o1 i
¥ . Lo *ugi?‘?@’f* e
o S i LR B G




()

4 M . ‘6

\

poﬁuldtion dynasics model, Therefore, a regrassion wvas fitted
to the changes in tuber number (averaged ovcr’chc different
tuber sizes) through time (Figure 5.2 and Table 5.2). The
regression curve had a good fit (R2 . (0,99) and d;lcribed the

L ' .
tuber survival vary well vwith only a small psrcentage of tubers

stild viable after three yesrs and none after four years.

Tuber bank longevity:

The percentage of viable tubars was significantly affected
by both the tuber depth and by the length of time the tubers
vera present in the sofl. Also for both the you/i;_;;\d the old
tuber populstions, the 1ntor;ction of depth 'and time had a
significant effect. Regressions for both tuber populations are
plotted in Figure 5.3. As for the tuber -cohort, the percentage
of viable tubers decreased over time. Thele was oOne exception
sfter 6 months. In the young tubo; population at the 25 to 30
can soil depth, the number of tubers increased above the
original levael. This increase is not coanfirmed by the data
neans (Appendix 1) and therefore could be attributed to the
bchaviotAof the regression. Another exception to the genesral
decrease in viability over time was found in the old tuber
population where the perceantage of viable tubers: increased at
the last date of sampling. Referring to the data means
(Appendix 1), this was coafirmed but difficult to prlain

except that perhaps some new tubers were produced. Anothar

possibility might be that the variability of the population -

present caused the apparent increase.

* oy

Ao, ot 1



47

90 -~

80 -

70 -

80 -

50 -

30 -

20 ~

10 ~

k]
- o 20 40
TIME (months) \ ‘

. - ]

Figure 5.2. Regreassion of yallow nutsedge tubar cohort
viability in time, The percentage values are eaxpressed as »
function of the number of tubars originally used.
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Table 3.2. DBagressien cosfficisats of varienus f£actecs on yallew nutsadge tuber susmbar.

Sxperinens ' ’ Ragredsten aguaciose - at Pr.
»
Sadar somprs leegevicy:
Nuletiple regrassiem Tw &5 + 14,68 ~ |} “l - 131 ! o.et? . ’MGT, * 0.97 0.001
1.045T » 0.0338 t - 0.0781% ¢ 0.0018T
Siaple regresates T e 97 « 1,57 & 0.212 ~ 0.00213 0.9 0.001
T'i sk agevitys
Youag tubear pepsiacion: “ .
Y e 1361 1 26T« p2td - lmw:‘ v 1800 - 14,308+ 0.8 0.001
* 10,210 « 0.362%D » 0.00977°D

0.229

Old tubar pepslaziens

Y« 204 391 » 378 - 0.0077} + 0.0001873 & 0,47 .007
0.702 - 0.0010% + 0.004021
Cembingd ragresaton s
& fuactien of deapeh:
T~ 925,08+ 0.0t} I ¥ 1) 0.03
' .
Vaere Y Pearcantage ¢f the Lsitial aumber o! tubsrsy .
[ ] Tuber sise fa o
T Time in menths

34 coslficiens of deceruinscion
1 lavel of sfgaificance of tha rvegression
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Tubers that were either in the 0 to 5 cm or 25 to 30 cim
801l layer had & more rapid decrease in viability than tubdbers
between these two layers. These trends were more merked for
the old tuber population (Figure 5.3).' Tubers closer to the
noil'lutfacc cr, more subject to sprouting and are -okc exposad
to environmental and biological factors, therefore they would
b; sxpected to have a more rub}d decline 1in viahiliky. Datas
reported by Bell et al. (1962) and Stoller and Wax (1973)
confirm this hypothesis. However, there are no reports
mentioning such a Qccrcaon for tubers at a greater depth. The
decrease was -ont'lcriid 18 months after the beginning of these
two experiments. A possible explanation might be that the
natural sprouting of tubers was more important at the greater
depth, Since this is a part of the lqil profile that is the
laast disturbed by normal field operations, the tuber
population of that soil layer mnight have a grcatef inherent
sproutiag than théoe closer to the surface and therefore a
greater mortality since all above—-ground growth was destroyed,
which eventually translated into tuber death through exhaustion

of food resgerves.

.

Since tuber population viability in time was the
1n£!§p

ation to be used in the developanint of the yellow

‘nutsedge tuber population dynamics model, the so0il depth effect

| 4
was averaged over for each time of sampling. The mean numbar

of tubers viable in both yellow nuflcdgc tuber populations are
plotted 1o Figure 5.4A. Tuber number differed between the

populsations sampled and thersfore tuber viability in time was




ligutc 5.4,
time.

A
o

c.
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Yellow nutsedge tuber bank population visbility in
Where a = youang tubsr bank and b = old tuber bank.

Mesn tubder number m~? mgasired at six month intervals in
both tuber bank poepulations,

Valuses of A expressed as percentage of the first ssmpling
tinmg. . . -

Regrasaion of the changes in time of the perceatage of
viable tubders fitted to the combined data of the tube:r
bank populations,




plotted as percentage in order to have a common basis of
comparison (Figure 5.4B). The main difference between the two
tuber populations seemed to be in the number of tubers present
in the soil since, on a percentages bn-:l“s, both populations
decreased in s similar vay. The difference between experiments
-ilht. have been only in the number of tubers, ntl;er than in
the tubers” ages, which could not be verified. Therefore, a
regression was fitted to their combined d;ta (Table 5.2 and
Figure 5.4C). The percentags of Yinblc tubers decreased by 60
% after the first year and by over 80 X after the second year,
which 1s similar to values reported in the literature (Stoller,

1981). a

. 4
The proportion of small tubers to the total number of

tubers (tuber number ratio) was significantly affected only by
the depth of the tubers in the soil. The means and their
standard errors as a function of the depth in the soil are
plotted in Figure 5.5 along with their respective LSD. Tuber
number ratio behaved similarly for both the young and the old

tuber populations.

The proportion of small tubers to the total m;nbu of
tubers was between 20 to 35 2 near the surface of the soil
while 1t increased to 50 X at the 10 to 15 cm depth layer. The
proportion of $mall tubers decreased steadily at greater depths
to form 1 to 20 X of the totll. number of tubers found at the 25
to 30 cm luygr. The only statistically lignificin: differences
were between the tuber number ratio in the 10 to E&s ca layer

and the 25 to 30 cm layer (Figure 5.5). These results

.
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Figure 5,5, Means and standard deviations of changes in
tuber nuaber ratio of both tuher bank populations as a

functlon of tuber depth in soil. Where & = young tuber bank

and b ='01ld tuber bank,

< C
o I




.

indirectly indicate that larger tubers are produced at greater
depth or that small tubdbers died more rapidly at the greater

depth.

Tuber longevity wvas not affected by tuber size in these
experiments since tuber nu-‘gr r‘t.io was not significantly

af%cctcd by the length of time the tubers vere present in the
soil, This is in contradiction with observations made in the

tuber cohort experiment and that which had been reported by

Thullen and Keeley (1975), However, Stoller and Wax (1973) did

not observe any differences in longevity between small and

large tubers. Tubers of different weights were used by these

researchers which makes comparisons difficult., Therefore, both

trends reported might hYe true, depending on the size of the
tubers used. The lower l1imit of thesizeclass used to
separate small from large tubers in this research project may
have included tubers which were too large in the smaller size
class selected, thereby nnnkin"g sone responses that could be

attributed to differences in tuber sgize.

Tuber dry weight and tuber dry weight ratio followed
exactly the same trends and had the same statistically

significant factors as the tuber number and t;?ﬂ tuber number
- 4

ratio, respectively. Therefore, they are not diléucscd, b_ut:

~
their means are, presented in Appendix 1 along with LSD values,

The neans of the tuber numbers are also presented in Ap‘pgndix

l.

=

Two regression curves are faraccnted to describe yellow

#

.

4 .
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nutsedge tuber survival in time, one for t;bor cohort longevity
(Frigure 5.2) and one for tuber bank longevity (Figure 5.4C).
However, only one gfgrelsion should be used in the model
development, thersfore either one of the two regressions aust
be dropped or they must be combined. Both regressions, vlth
their 95 X confidence intervals, are plotted in Pigure 5.6.
They. are rclativily similar for the first two years with only &
10 2 difference 4in l%rvivnl in favor of the tuber bank
experiment., This difference might be attributed to inherent
variability 1in the biological material, to the greater depth of
the tuber bank population, or to the product ; of tubers in
the tuber bank experiments. However, since the confidence
intervals overlap, it might be assumed that they did not differ
significantly, The ragression from the tuber cohort experiment
was retained for use in the model development Bt y;llow
nutsedge tuber population dynamics since it was conducted for a
longcr‘pcriod of time and had a greater coefficient of
determingtién., Purthermore, its regression had a greater leveal
of significance and seemed to correspond more closely to
obssrvations made by other researchers on other yellow nutsedge

populations (s;ollor. 1981).

i

‘The two series of experiments v;ro subject to a decrease

in tuber viabilicy in time but had opponiéa responses to the

othe actors tested. There ware no significant differences in

viapility due to tuber size in the tuber bank experiment while
there was a decrease in viability with & Jecrease in tubar

sikes 1in the tuber cohort expsriment. Tuber dbptﬂ io soil did
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Figure 5.6. Proportion of the tuber cohort and combined tuber
bank populstion that survived over time. Where & = tuber
cohort and b« combined tuber bank. The other curves are
the 95 % confidence intarvals of the regressions: .
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\uot’cigni!icnntly affect tuber viability in the latter but did - o
in the former experiment. These Opposigo results dcnonattzgz
tho‘varinbtlity of yellow nutsedge and the *need for further

investigations of tuber longevity to clarify important factors

b;in‘ycllow nutsedge tuber survival and to quantify thenm.

Ideally, it would be more advantageous to coanduct 'such
cgpcttlcnts in a site where yellow nutsedge was planted and

»
allowed to multiply for one year oaly (tubar cohort) and
p .

sampled regularly theresfter, while ;hc production of new

-

tubgrs would be prevented. This icthod vould result inp minimal
tuber disturbance in contrast to the use of envelopes which
involved considerate manipulation of the tubers when they wer

PR

buried.

PO I



Section 6

A

YELLOW NUTSEDGE GROWTH IN TIME ' d

A -

¢ ¢

6.0 Introductian :

" Yellov hutsedge infestations are re—established every
spring by tuber sprouting. Since tubers ars reported as bdeing

the sols means of perpetuating vellow nutsedge infestations in

sgricultural filelds, the initiation of tuber production has
been included in phenological oylcréations made on this weed.

The variucion‘in phenclogy of yellow nutsedge (Table 6.1) could
_’w‘

be lttiibutnd to several factors, two of the most important

o

being biotypes snd environmental conditions (Fernald, 1970;

Hauser, 1968; Matthiesen, 1976; Stoller, 1981; Yip, 1978).
q

[
Despite numerous articles on yesllow ni&padgc tuber

production, thers are few reaports that describde tuber
population variation in time, and the ones that do are based

solaly on experiments done in containers (Kogan and Gonzales,

1979; Phillips, 1980).

< :

»
-

¢

Information on qualitstive and quaatitativ:\iublr
'
populstion changas 1a the course of a growing season is

[ 4
tequired before consideration of s long term ysllov nutsedgs

¢
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