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Abstract

Yeilow nutsedge (cyperus esculentus L.) is a perennial weed that was first

identified in Manitoba in 1979. Red River floodwaters carried the tubers of yellow

nutsedge northward and deposited them when the floodwaters receded. To date

21 infestations have been identified in Manitoba, all infestations bordering the

Red River. ln consideration of the economic importance of this weed, research

into its growth and reproductive potential in Manitoba was initiated.

Growth analysis was carried out on two ecotypes of yellow nutsedge, one from

Harrow, Ontario and the other from Manitoba. The Manitoba ecotype produced

3 400 tubers in a single growing season compared with 1 450 from the onlario

ecotype. On the contrary, the Manitoba plants only produced about one third the

number of shoots that the Ontario ecotype produced. ln addition to these

morphological differences, physiological ditferences were also discovered. The

critical freezing temperatures for the Manitoba and Ontario ecotypes were

determined to be -15.0 and -7.3 C, respectively.

cultivation is an importanl component of perennial weed control s¡nce it exposes

underground plant tissue to desiccat¡on conditions. Tubers of yellow nutsedge

were evaluated for desiccation tolerance by allowing them to equilibrate with a

wide range of difterent relative humidities. yellow nutsedge tubers were

determined to be tolerant to desiccat¡on. The rate of desiccation and tuber

viability were strongly relaled.

Yellow nutsedge is sensitive to shading; therefore it was grown together with

barley to determine the effect of crop competition on its growth and reproductive
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potent¡al. crop compet¡tion resulted in a 7-fold reduction in total nutsedge

biomass accumulat¡on. similarily, there was a 1g - fold difference in tuber

production between nutsedge grown w¡lh and w¡thout a barley crop resulting in a

net increase of 168 and 31s1 tubers m-2, respectively, by the end of the growing

seas0n,

These results show that yellow nutsedge is a pernicious weed that will increase

rapidly if lett unchecked. control of this weed will require implementation of

several different control practices over an extended period.
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l. lntroduct¡on

Yellow nutsedge (cyperus esculentus L.) is one oi approximately 600 species in

the genus. Cyperus (Cyperaceae). Of these, purple nutsedge or Cyperus

rotundus, is ranked as the world's worst weed and yellow nutsedge, the 16th

worst weed (Holm et al., 19771. The former occurs throughout tropical and

subtropical regions and is a major problem in rice, sugarcane, cotton, maize and

vegetable crops, whereas yellow nutsedge occurs in both the trop¡cal and more

noftherly latitudes and is a problem in sugarcane, maize, potato, cotton and

soybean. ln North America, yellow nutsedge occurs in Nova Scotia, New

Brunswick, Quebec, Ontario, and Manitoba and throughout the United States

(Bendixen and Nandihalli, 1987).

Yellow nutsedge is a perennial weed that proliferates primarily by tubers which

form at lhe ends of rhizomes. The leaves follow a one-third phyllotaxy, have a

definite midvein, are 1 0 to 80 cm long and up to .1 cm wide. The rachis protrudes

from the fascicle and bears the inflórescence. The inflorescence is a yellowish to

brown umbel that is subtended by 3 to 9 involucral leaves or bracts. varieties of

c. esculentus are distinguished by inflorescence characteristics since there is

considerable variation in spikelet morphology (Yip, 197S).

lnterference from yellow nutsedge results in significant losses in both crop yield

and quality in many parts of the world. The most severe losses are incurred in

crops such as cotton and honicultural row crops that otfer little compet¡tion to the

weed. For example cotton yields were reduced by up to 41% from yellow

nutsedge compet¡tion in Alabama (patterson et al., 1990). ln lllinois, a density of
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300 yellow nutsedge shoots per square meter reduced corn yields by 25%

(stoller, 1981).

Yellow nutqedge-growing in a potato crop can reduce both yield and quality of the

crop. ln New York up lo 29o/o of the potato tuber harvest was damaged as a

result of yellow nutsedge rhizomes growing through the tubers (yip et al., 1974).

The prolific grovvth and perennial nature of yellow nulsedge make it diflicult to

control (Friesen, 1986). Few seleclive herbicides are available that prov¡de

effeclive control of this weed. ln addition, nutsedge tubers that are dormant or

sprout late may escape chemical control applied early in the growing season, but

these tubers can be disturbed by tillage. shallow cultivation provides the most

effective control of the underground slructures of yellow nutsedge since deep

tillage places the tubers deeper in the soil profile where tuber longevity is

enhanced (McDonald, 1986). Tubers on, or near, the soil surface may be killed

by desiccation or f reezing (Stoller and Wax, 1979; Lanini, 1 987).

ln Manitoba, yellow nutsedge was first reported in 1979 near Emerson (Sturko,

1983) and has since been ¡dentified at a number of additional sites adjacent to

the Red River. Because of the recent introduclion of yellow nutsedge into

Manitoba and the potential for this weed to spread, this research was in¡tiated

with the following objectives:

1. Determine the geographical distribution of yellow nutsedge in Manitoba.

Characterize the grovvth, reproductive potential, critical tuber freezing

temperature and tuber desiccation tolerance of two yellow nutsedge
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ecotypes, one from Aubigny, Manitoba and the other from Harrow.

Ontario, under Manitoba growing condit¡ons.

3. Determine the influence of barley crop competition on the growth and

reproduct¡ve potential of yellow nutsedge (Manitoba ecotype).



2. Literature Review

2.1. Yellow Nutsedge - Life Cycle

Yellow nutsedge reproduces both asexually by tubers and sexually by seed. A
brief review of the general life cycle of the weed follows. For more

comprehensive reviews, see Mulligan and Jenkins (1976), Stoller (1981), and

Stoller and Sweet (1987).

Yellow nutsedge, is a perennial weed regenerating each spring from

underground tubers that overwinter in the soil. Multiple rhizomes commonly

emerge simultaneously from a single tuber on the first sprouting (Bendixen, 1973;

ïhullen and Keeley, 1975). Primary rhizomes are negatively geotropic and when

exposed to light d¡tferentiate to form a basal bulb, usually just below the so¡l

sudace. The basal bulb contains meristems for the inflorescence, leaves,

rhizomes and roots, (stoller et al., 1972), and as such facilitates the conversion

from heterotrophism to autotrophism in new shoots. As aer¡al growlh proceeds,

the size of the basal bulb increases and more ¡ndeÌerminaÌe rhizomes are formed

(Mulligan and Junkins, 1976). D¡fferent¡ation of these indeterminate rhizomes

into tubers or more basal bulbs is affected by photoperiod, with long days

promoting shoot growth, and short days tuber production (Garg et al., 1967;

Jansen, 1971). Tuber production continues until freezing temperatures kill the

above-ground plant parts. Normally flowering is induced by a short photoperiod

(williams, 1982) but can also occur under long photoperiods (Jordan-Molero and

Stoller, 1978).

Yellow nutsedge plants are capable of producing large numbers of seeds with

varying degrees of dormancy (Thullen and Keeley, 197g). However, seeds are
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prone to decay in the seedbed and results from Zimbabwe showed thal seedl¡ngs

rapidly desiccated even under irrigated conditions where less than 1% emerged

atter 16 weeks (Lapham and Drennan, 1990).

ln order to determine the importance of sexual reproduction in the nutsedge

lifecycle, Horak and Holt (1986) sampled 20 nutsedge plants from 1o different

locations in california and analyzed them for genotypic variability. plants from

each location were considered as individual populations. sexual reproduction by

an outcrossing species implies lhat the population should consist of a wide range

of genotypes. lsozyme analysis was used as an indicator of genetic diversity

within and among lhe populations, lnitially twelve loci were evaluated for

variability but only four of these were not monomorphic, therefore ¡n total g1

isozyme genotypes were possible (3n where n is the number of loci and 3 lhe

number of possible genotypes per locus). Among the 200 nutsedge plants that

were sampled, only 9 of the possible 81 genotypes were identified; some

populations included up to four g€notypes while others showed no genotypic

variability. Based on these results, sexual reproduction is uncommon and

therefore insignificant in the spread and persistence of the weed (Mulligan and

Junkins, 1976; Holt, 1987; Horak et al., 1987). Because yeltow nutsedge is self-

incompatible and seedling survival is rare, asexual reproduction is the

predominanl means of propagation.

2.2. Yellow Nutsedge. Tuber B¡ology

Since tubers are the primary reproductive propagules, a large amount of

literature exists on the biology, morphology, and physiology of nutsedge tubers.

Consolidation of all the available informalion is beyond the scope of this review
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and the following discussion touches only on the most pert¡nent information as il

relates to the objectives of the project.

The initiation and production of tubers is a function of photoperiod, nutrient levels

and temperature (Garg et al., 1967). ln Ohio, temperature variation ¡s the

determ¡ning stimulus for the onset of tuberization when the daylnight temperature

variation is greaterthan 10 c. otherwise, photoperiod is more important (stoller

and Woolley, 1983). Jorden-Molero and Stoller (1978) determined that a 14 hour

photoperiod was critical for the initiation of tuberization. Friesen and Hamill

(1977) reported that in Ontario tuberization was optimal when the photoperiod

was 12 hours or less. Plants grown under 16 hourdaylengths produced twice

the number of shoots but only one-eighth the amount of tuber dry matter

compared with those grown under 10-12 hour daylengths.

Differences in the photoperiod required to initiate tuberization may be attributable

to ecotypic differences. Yip (1978) determined a correlation between

photoperiod responses and the geographical origin of the plants. Under a 12

hour day, tuber formation by northern ecotypes was greater than it was for

southern ecotypes. Addilionally, tubers of lhe northern ecotypes were more

mature at any given time than those of the southern ecotypes.

one other factor that is important ¡n the initiation of tuberization is the level of

nitrogen (N) in the soil. High N levels inhibit tuber production and promote shoot

growth. ln contrast, low N levels enhance tuber produciion (Garg et al., 1967).

Tubers are formed al the t¡ps of indelerm¡nate rhizomes through a process that

involves a concomitant reduction in rhizome internode length, increase in
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thirorc diameter, and accumulation of cellular slarch (Bendixen, 1973). lnitially

tubers are soft and white, becoming darker and harder with increased maturat¡on

(Jansen, 1971). The apical end of the tuber is formed into a cone shape as a

result of the clustering of cladophylls at this end (Jansen, 1971). within this

conical region, four to five buds develop (Thullen and Keeley, 197S) in an

equilateral triangle format¡on (Lorougnon, 1969). Buds normally sprout lrom the

apical end of the tuber with one to three buds sprouting at a time. The initial

sprouts are apically dominant and inhibit the development of other buds (stoller

el al., 1972). The buds of purple nutsedge also sprout from the apical end of the

tuber but only one at a time. ln this species the most terminal bud exhibits apical

dominance over the other buds (Bayer, 1987; Lorougnon, 1969).

Tumbleson and Kommedahl (1962) observed thal 12% of the tubers harvested in

fall and 95% of those harvested in spring sprouted. The authors concluded that

the most newly formed tubers were dormant. Exposure to prolonged cool

temperatures and washing with cold wat€r released tubers from dormahcy

(Tumbleson and Kommedahl, 1961 ; Thomas, 1967; Stoller and Wax, 1973;

Lapham, 1985). lt is probable that these processes remove a sprouting inhib¡tor

since an extract from dormant tubers inhibited sprouting when it was applied to

non-dormanl tubers (Tumbleson and Kommedahl, 1962).

A second type of dormancy, known as conditional dormancy, occurs when the

environment around the tuber is not conducive lor the tuber to sprout despite the

physiological readiness of lhe buds (Vegis, 1964). Environmental parameters

responsible for conditional tuber dormancy include cool soil temperaÌures

(Thullen and Keeley, î987), low oxygen levels (Bayer, 1987) and low moisture

conditions (Friesen and Hamill, 1977). These conditions vary with soil depths
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and consequently tuber placement in the soil profile has important ramif¡cailons

for tuber longevity (Bayer, 1987; van Groenendael and Habekotte, 19gg).

ln ontario,.tubers formed under moist fall conditions sprouted in spring when soil

temperatures warmed, however, if they were formed under dry conditions, tubers

became dormant and sprouted erratically (Friesen and Hamill, 1977). Dormant

tubers remain inaccessible to most nutsedge control practices and thereby

prolong the infestation period. of those tubers lett undisturbed in the soil for

three years, 80% decayed (Stoller and Wax, 1978).

2.3. Yellow Nutsedge - Ecotypic Varlability

several publications have mentioned the need for research in characterizing the

ecotypic ditferences within the species cyperus esculentus (Maflhiesen and

Sloller, 1978; Stoller and Sweet, 1987). Ecotypic variability has been observed in

all biological parameters measured on yellow nutsedge (stoller and sweet,

1987). Hauser (1 968) compared nutsedge plants from Georgia and Delaware

and determined that the plants from Georgia grew taller, flowered later, spread

further from the parenl luber and produced larger tubers than those from

Delaware. Boldt et al., (1976) selected five different populations of yellow

nutsedge from New York and grew them al two locations that had a 65 day

ditference in growing season length. Populations differed in morphological

parameters but these were not consistent across locations, therefore the

populations were ecotypically ditferent. Locational variability included ditferences

in flower production, numbers ot shoots per plant and shoot dry weight per plant.

Ecotypic variability has also been observed in nutsedge tuber composit¡on

(Stoller and Weber, 1975; Matthiesen an Stoller, 1978).
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ln a large study conducted by Yip (1979), growth parameters such as rate of

shoot product¡on and shoot dry mailer accumulation varied among ecotypes.

The number of shoots per plant was inversely related lo the distance between the

primary and higher order shoots. More tubers were produced by ecotypes that

produced more shoots, although these tubers were smaller than those produced

by ecotypes with fewer shoots (Yip, 1978).

Yellow nutsedge has been categorized into different varieties based on

mophological and inflorescence characteristics, primarily spikelet morphology.

According to Kuekenthal's descriptions, two main varieties exist in North

America: var. leptostachyus and var. esculentus (yip, 197g). The main

distinguishing characterist¡cs are as follows:

var. leptostachyus - tubers large, up to 2 cm long; spikes branched al the

base, spikelets rather long (1S-20 mm) with narrowed to acut€ tip.

vat. esculentus - rosette leaves in a regular triangle pattern, rosettes more

open than in others; tubers spher¡cal with an acute top; spikelets rather

short (5-12 mm).

ln the united states, the variery esculenfus is present in temperate climates and

var. leptostachyus in the more moderate regions (yip, 197g).

other varietal differences have also been reported that are not used for

taxonomic identification. The distance between the primary shoot and higher

order shoots was greater among var. teptostachyus than var. esculentus. Tuber

weight of var. Ieptostachyus was affected more by shading than that of var.

esculentus (Borg et al., 1988). Yaiely teptostachyuswas also found to be less

frost tolerant lhan var. esculentus. Variability in herbicide susceptibility has also
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been observed between these two varieties (Costa and Appleby, 1976, yip,

1978). v ariely esculenlus was more tolerant to atraz ine and metr¡buzin and

more susceptible to 2,4-D oil-soluble amine than var. teptostachyus (costa and

Appleby, 1976). -

Researchers in the Netherlands have identified four taxa that have recently

established themselves as a result of contaminated gladiolus bulb shipments

from different parts of ths world (Borg et al., 1989). Bolh varielies esculentus and

leptostachyuswere identified, as well as var. cyclolepis and one other variety that

has not been identified to date. This example underscores the importance of

preventing the lransport of contaminated goods. Further, varietal classification

will assist in providing appropriate control practices for the different nutsedge

varieties.

2.4. Yellow Nutsedge - Growth Analysis

Growth analysis has been a usefuf technique in developing an understanding of

the dynamic growth of yellow nutsedge. Although very little of these data have

been fitted to models, the descriptive nature of growth analys¡s has assisted in

defining the proliferation of nutsedge tubers and the part¡t¡oning of biomass.

ln Zimbabwe, the grovvth of yellow nutsedge was examined over a two year

period. Tuber produclion was exponent¡al in both growing seasons with 17 691

tubers being formed by a single planl ¡n the f¡rst year, increasing to 163 OO4

tubers in the second year (Lapham, 198S). This is the highest reproductive

potential of yellow nutsedge recorded to date. ln Minnesota, 6 900 tubers were

produced in one year from a single tuber (Tumbleson and Kommedahl, 1961).
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single nutsedge plants produced 332 tubers atrer 16 weeks of growth in

Minnesota and 1 073 tubers in Zimbabwe (Tumbleson and Kommedahl, 1961;

Lapham, 1985). Atter 17 we€ks of grov'rth in Georgia, a single nutsedge plant

formed 66Q tubers (Hauser, 1968).

clonal growth is a measure of the soil area covered by a single nutsedge plant

overthe growing season. Lapham (1985) used clonal growth as a measure of

the intrinsic growth rate of yellow nutsedge. ln Zimbabwe, clonal growth of

yellow nutsedge was described by the equation y=a(1 -exp(-btz)) where y is the

clonal radius, t the time after first growth and a and b are constants (Lapham,

'1 985). Atter two years of growth, a single clone covered an area ol 21 .7 m2.

By using growth analysis to compare yellow and purple nutsedges, ditferences in

tuber producÌion and biomass distribution were determined between the species

(Williams, 1982). Tuber production by purple nutsedge was described by an

exponential equation, whereas production by yellow nutsedge was described by

a linear function. Tubers comprised up to s0% of the total biomass ot purple

nutsedge compared to only 28% ol the total biomass of yellow nutsedge

(williams, 1982). An increase in biomass allocation to yellow nutsedge tubers

towards the end of the growing season resulted in a concomitant reduct¡on in

paditioning to roots and rhizomes. ln contrast, shoot biomass panitioning

remained unchanged.

2.5. Freezing Tolerance

The ability of yellow nutsedge lubers to survive freezing temperatures has been

implicated as the primary factor responsible for the weed's widespread
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distribution, particularly in comparison to purple nutsedge which occurs over a

narrower geographic range (Bendixen, 1973; Stoller, 1973; Stoller and Weber,

1975; Mulligan and Junkins, 1976). ln lllinois, the lethal temperature at which

50% of yellow nutsedge tubers were killed (1T59) was determined to be -6.5 to _

7.0 C in exper¡ments using a temperature gradient bar (Stoller and Wax, 1973;

stoller, 1973). The duration of exposure to these temperatures did not

sign¡ficantly influence luber viability. These results were not consistent with the

results from field studies where tubers survived lemperatures of -1s c (stoller

and Wax, 1973).

Nutsedge lubers buried in the fall at 2.s and 5 cm below the soil sudace did not

produce as many shoots as those placed deeper in the soil, presumably because

many of those nearer to the soil surface winterkilled (Stoller and Wax, 1973).

w¡th increasing depth in the soil, tubers avoid extreme cold temperatures

because of the insulation provided by the soil and/or snow (Stoller, 197g).

However, insufficient information about winter soil temperalures precludes the

precise identification of critical freezing temperalures for tubers.

stoller and weber (1975) investigated nutsedge tuber composition and its

relationship to cold hardiness. cold treatment of purple nutsedge and several

yellow nutsedge ecotypes caused an increase in the starch, sugar, and lipid

fractions of the more cold tolerant ecotypes. Additionally, cold hardiness ¡n

yellow nutsedge appears to be related to a higher proportion of unsaturated fatty

acids in tuber triglycerides. Thus, dilferences in tuber composit¡on may be part of

the hardening process that permits tubers to survive freezing temperalures

(Bendixen and Nandihalli ,1987).
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2.6. Desiccation Tolerance

An important component of perennial weed conirol is tillage where vegetat¡ve

grovúth ¡s destroyed by depletion of energy reserves and desiccation (Ross and

Lembi, 1985). Breaking up plant tissues will encourage those perennating

organs left in the soil to regrow and deplete food reserves. Additionally,

cultivation canies fleshy underground structures to the soil surface where they

are exposed to drying conditions. The ability of vegetative structures to survive

desiccation decreases the effectiveness of tillage as a weed control praclice.

The effect of cultivation on reducing nutsedge tuber viability has been reported

previously (Day and Russel, 1955; Thullen and Keeley, 1975; Keeley et al., 1983;

Lanini, 1987). Day and Russel (195S) conducted field studies with purple

nutsedge and showed that tillage under dry conditions effectively killed tubers.

smith and Mayton (1937) reduced the number of viable purple nutsedge tubers

by 80% afier plowing aÌ four week interuals during a single growing season.

Tumbleson and Kommedahl (1961) col¡ected yellow nutsedge tubers from the

soil sudace immediately atter cultivation and 90 percent sprouted. However,

when these tubers were left on the soil surface for 2 days atter cultivation only 10

percent sprouted (Tumbleson and Kommedant, iSet¡. Deep tillage did not

effectively kill lubers since it placed tubers deeper in the soil profile where tuber

viability was prolonged (McDonald, 1986).

several studies have been conducted on lhe desiccation tolerance of vegetat¡ve

propagules of other ditficult-to-control perennial weeds. The viability of

quackgrass (Elytrigia repens) rhizome pieces was reduced lo 40% after being

exposed to 56% relative humidily for 3 days. As the time of exposure increased
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there was a conrinuâl decline in viability (Grummer, 1969). Tubers of purple

nutsedge (cyperus rctundus L,) were found to have a critical moisture content of

approximately 10% following storage in dry soil for 1O days (Horowitz, 1972).

Purple nutsedge tubers were more toleranl of desiccation than single node

rhizome fragments of johnsongrass (Sorghum hatepense (L.) pers.) and less

tolerant than bermudagrass (Cynodon dactylon L.) rhizomes. Thomas (1969)

reported that rh¡zomes of cynodon dactylon remain viable until they reach a

moisture content of approximately 1O%.

Day and Russel (1955) determined that yellow nutsedge tubers were more

tolerant of desiccation than purple nutsedge. As moisture content of yellow

nutsedge tubers decreased there was a trend towards reduced tuber viability but

no sign¡ficant relationship could be establ¡shed. After 25 days storage in dry

soils, 36% of the yellow nutsedge tubers were viable compared with no viable

purple nutsedge tubers atter only 14 days storag€ (Day and Russel, 1955). ln an

experiment where relative humidlly was reduced in a stepwise progression from

90to 30% over a 12 week period,.nearly half oll.he cyperus esculenfustubers

survived (Thomas, 1969). Greater reduclions in viability occurred when tubers

were placed directly in air dry soil (82% nonviable) as compared to those that

underwent progressive desiccation in humidity chambers (60% nonviable).

Nutsedge tubers stored in air dry soil desiccated more rapidly than those that

underwent progressive desiccation and resulted in greater tuber modalily

(Thomas, 1969).
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2.7. lntluence of Crop InterferencE on Nutsedge Growth

Yellow nutsedge lacks many of the characteristics normally associated with

competitive weeds. Because of ¡ts relatively short stature and its c4 pathway of

photosynthes¡s, crop yield losses are minimized when nutsedge is shaded

(Stoller, 1981). However, in row crops where canopy closure may be slow,

yellow nutsedge is otten highly competitive (pailerson et al., 1990).

ln both row and non-row crops, the time of crop emergence relative lo weed

emergence is an important determinant of competitiveness. cotton growing for

two weeks prior to nutsedg€ emergence reduced nulsedge shoot numbers to 29

shoots m-2 compared with 6l shoots m-2 when they emerged together (Keeley

et al., 1983). Delayed seeding of corn in Quebec until early June permitted the

formation of a wide variety of nutsedge tuber sizes. ln contrasl, corn seeded by

the third week of May caused tuber production to shitt towards the formation of

smaller lubers (Ghafar and Watson, 1989a).. This may be important since

smaller lubers do not remain viablé as long as large tubers (Thullen and Keeley,

1975) and are less tolerant of freezing temperatures (van Groenendael and

Habekotte, 1988). ln addition, smaller tubers produce shoots with less vigor than

those emanating from largertubers (Stoller et al.,1922; Stoller and Wax, 1973).

lnvestigat¡ons on the influence of crop interference on nulsedge growth have

concentrated on determ¡ning biomass distribution and tuber production. studies

designed 10 determine the influence of shade on yellow nutsedge growth have

shown a direcl correlation between the amount of light and the number of tubers

and shoots and lotal dry matter accumulation. ln California, reducing incident

radiation by 30 and 80% reduced tuber production by 32 and B0%, respectively
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(Keeley and Thullen, 1 978). Providing 80 and 94% shade to nutsedge plants for

a 3 month period limited tuber production to 381 and 51 tubers per plot,

respectively, (Keeley and Thullen, 1978) indicaling that even very dense shade

did not prevent-tuber production entirely (Jordan-Molero and Stoller, 197g;

Patterson, 1982). Under 73% shade, tuber product¡on of yellow and purple

nutsedges was 12 and 28%, respect¡vely, of where there was no shade (Jordan-

Molero and Stoller, 1978). Shading yellow nutsedge plants resulted in a shitt in

biomass partitioning from the tubers to the leaves. Shaded nutsedge plants,

although having fewer leaves in total, produced the same area per leaf as non-

shaded plants with reduced dry matter per leaf (Patterson, 1982). Shading also

influenced the onset of tuberization. Under an open canopy, tuber formation

began earlier than under a dense canopy (Fischer, 1987).

ln interference studies, an increase in corn population density reduced light

penetration and caused a reduction in above ground biomass, tuber number and

tuber weight of yellow nutsedge (Ghafar and Watson, 1983b). Seeding corn at

33 300 plants ha-1, one hall the normal seeding rate, resulted in a 44./o increase

in tuber production compared to the normal seeding rate. ln contrast, doubling

the normal seeding rate of corn reduced tuber productionby 71!" compared to

the normal seeding rate (Ghafar and Watson, 1983b).

2.8. lntegrated Management of Yellow Nutsedge

Control of yellow nutsedge cannot be obtained through the use of a single weed

conlrol practice, but rather requires the integration of several weed control tools

(Stoller, 1981; Glaze, 1987). Eradication of yellow nutsedge requires several

years of continuous attenÌion. A number of weed management practices that
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should be considered in planning a yellow nutsedge control program include;

cultivation, date of crop planting, crop density, competitive crops and crop

cultivars, crop rotation, fertilization, and use of both selective and nonselective

herbicides..

cultivation is an integral component of nutsedge control s¡nce this can both kill

sprouted plants and stimulate tubers to sprout thereby depleting tuber energy

reserves (Thullen and Keeley, 1975). ln add¡tion, cultivation pr¡or to heóicide

application stimulates tubers to sprout and enhances the effectiveness of the

herbicide. shallow tillage leaves tubers near the soil surface facilitating even

sprouting and promoting winterkilt (McDonald, 1986). Tiltage may also aggravate

nutsedge problems by spreading tubers to uninfested areas. Therefore, careful

cultivation is required in order to provide etfective control of spolty infestations

(Stoller, 1981).

ln choosing a crop to plant on nutsedge infested areas, important considerations

include the rapidness of crop canopy closure, the number of days to crop

matur¡ty and the choice of available herbicides. ln corn there are several

selective herbicides for nutsedge control and once established, the crop creates

a dense canopy (Habekotte and van Groenendael, 1988). Barley is also effective

because it is a short season crop that produces a dense crop canopy very

rapidly. ln Holland, growing hemp w¡thout any herbicides was as effective in

reducing the nutsedge population as growing corn and applying a herbicide

(Habekotte, 1 988).

ln addition to selecting a highly competitive crop to suppress nutsedge, it is
important to select the best crop variety. Of three potato cult¡vars growing with
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yellow nutsedge, 'Green Mountain' competed more effectively than ,Norchip' or

'Hudson' (Yip et al., 1 974). The greater compet¡tiveness of 'Green Mountain' was

ascribed to the cult¡var's early emergence, rapid growth and persistent dense leaf

canopy thraughout the growing season.

Long term studies into effective crop rotat¡ons have provided the most useful data

0n nutsedge control over more than a single growing season. ln all of the crop

rotation studies relalively good control of nutsedge was attained within three

years(Keeleyetal., 1979; Keeleyetal., 1983). lnlllinois, lessthan20%ofthe

tubers were able to survive in the soil for more than lhree years (stoller and wax,

1973). Fallowing with tillage atter growing barley reduced tuber populations by

98% in california within three years. similarly, double cropping potatoes with

milo or double cropping EPTO-treated potatoes with alachlor-treated soybean

resulted in 97 and gg% reductions ¡n tuber populations, respectively (Keeley et

al.' 1983). ln a different experiment, growing alfalfa treated with Eprc for two

years or double cropping barley wilh corn treat€d with butylate for two years

reduced nutsedge tuber populations by 96% (Keetey et al., 1979). These studies

show that applying continuous pressure on nutsedge, either through cultivation,

crop competition and/or herbicides, effeclively reduces tuber populations.

The best nutsedge control programs are those that prevent the production of

tubers. ln order to prevent tuber production the onset of tuberization must be

defined and the influence of different agronomic practices on tuberizat¡on must

be understood. once these factors are learned, effective control of nulsedge can

follow. For example, in lllinois, this means that nutsedge plants must be

controlled before the beginning of August (Jordan-Molero and Stoller, 1978).
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lf yellow nutsedge management strategies are to bê effective they must be

incorporated into a combined effort using all of the research available. Models

incorporating available management tools have been developed (Lapham, 19g7;

Habekotte,. 19BB). since nutsedge grovvth is variabte as a result of ecotypic

variation and climatic differences, models although useful must be adapted or

developed for each geographic location. For example, evaluation of the cost

effeciiveness of controlling yellow nutsedge in tobacco in Zimbabwe involved an

understanding of nutsedge reproductive potent¡al and the effectiveness of each

of the control practices. Based on this research, the economic threshold for

controlling yellow nutsedge was determined to be 1.5 tubers m-2 (Lapham,

1987). ln a population dynamic model developed for use in Holland, growing

hemp alone reduced nutsedge tuber production more than did growing corn

where herbicides were used (Habekotte, 19Bg). As more information is gathered

on the grolvth of yellow nutsedge and the individual conlrol practices, the models

will become more effective and predictive.



3. Yellow Nutsedge Distr¡bution in Manitoba

3.1. lntroduction

Yellow nutsedg+is a problem perennial weed on all continents and is recognized

as a major problem weed in nearly 40 countries in 21 crops (Bendixen, 1997).

ïradiiionally it has been a weed in the more trop¡cal areas oi the world, but has

recently moved into cooler habitals (Holm et al., 1970). The wide spread

disiribution of yellow nutsedge has been ascribed to the ability of the tubers to

withstand env¡ronmental extremes (Stoller and Weber, 197S). ln the United

states, the differential spread of c. esculentus and c. rotundus has been related

to cold soil temperatures in winter (Stoller, 1973).

ln add¡tion to difterences in geographical distribution among Cyperus species,

yellow nutsedge varieties also have ditferent distribution patterns. Cyperus

esculentusvü. leptostachyus is present in the warmer slates of the U.S. and var.

esculentus in the temperate regions (Yip, 1978). prior to its establishment in

Manitoba, yellow nutsedge has persisted in Canada as a weed problem in Nova

Scotia, New Brunswick, southern Quebec and southern Ontario (Mulligan and

Junkins, 1976).

The tuber of yellow nutsedge is the primary reproductive structurs and therefore

is responsible for both maintaining old infestations and establishing new ones.

Lack of genelic diversity within and among populations of yellow nutsedge

conlirms that it primarily reproduces asexually (Holt, 1987).

Local increases in yellow nutsedge infestalions are attr¡butable to changes in

agronomic practices over the last two decades. These changes include: 1) an
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increase in the use of herbicides for annual weed control, 2) a reduction in the

amount of cultivation and hand hoeing, 3) an increase in mechanized farming

and 4) an intensification of the use of inputs to maximize yields (Hauser, 196g).

These factgrs have encouraged a shift towards perennial weed development by

eliminating or reducing competition from annual weeds and reducing disruption of

the weed's perennial cycle.

Yellow nutsedge was first ídentified ¡n Manitoba near Emerson in 1979. Tubers

of yellow nutsedge were probably carried northward from the United States with

Red River floodwaters in 1979 and deposited in fields when the flood receded

(Sturko, 1979). ln consideration of the potential economic importance of this

weed a survey was undertaken to identify the elitent of yellow nutsedge

¡nfestation in Manitoba.

3.2. Materials and Methods

lnformation pamphlets (Figure 1)'úvere sent to 640 landowners along the Red

River from Winnipeg south to the United States border. Ths dlstribution of

pamphlets was limited to landowners along the Red River based on the

presumption that the Red River floodwaters were responsible for moving tubers

into the province in 1979. Recipients were asked to report nutsedge infestations

which would in turn be investigated for positive identification. Names and

addresses were obtained from tax evaluation forms at the rural municipal otfices.

Results from the survey were tabulated (Appendix 1) and also identified on a

topographical map (Figure 2). ln addition to the survey, fields were inspected by

the district weed supervisor and the author, and awareness of the problem was

raised at local farm meetings.





tdontltlcallon

Th€ loaves of yellow nutsedge are grass_
liks, 0.5-1.5 cm w¡de and A0-50 cm ¡n
l€ng h, nanow¡ng (pinched) at lhe leaf tÞ,
and havs a prom¡nonl mirlveín. The s€od
hoad ls a yollow-gold colored umbel, a nþre
or losg flal topped ¡nfloresconce (l¡ke dill),
lhet is bomo on a lriangular stem 15-75 cm
tall. Yollow nulsedgs rhizomes are slimmor
lhan lhose of quackgrass (Agropyton
repens), howevor, nutsedge rhizom€
fragme s do not give rise lo shoots. Sma[
lan lo brown tubers, about lhe s¡ze ol a large
poa seed, form al lhe ends of yellow
rulsodgo rhizomes from early August unt¡l a
killing frost occurs. Tub€rs can geminats
lhe yoaf after lhey are produc€d or rema¡n
domant in soil for three or more years.
Approx¡maloly B0% of the lubers are
producsd ¡n lhe top 15 cm (6") of the so¡t.
Hourevgr, lubsrs can be produced deepef ¡n
tho soil.

Habn¡t

Yollow nulsedge ¡s capable of grow¡r¡g ¡n a
wþo fango of so¡l lypes, however it does rþt
grow well under droughl condilions. ln
Meniloba, ¡utsedge is found along the Red
Hrvof paltrlaly ¡n low ly¡ng areas that are

!_uiiea. 
rc Íooding in spr¡ng. lt comrþnty

grows in dense palches lhat vary in sizó
llom a fgw square meters to 0.5 heclares orfmre depend¡ng upon tho age of lhe
inf€slalion.

contrcl

Yellow nutsedge ¡s a lroublesome, dlf¡cult_
lo-conlrol weed. lt ¡s almost iÍlpossible lo
erad¡cate due lo the presence of
underground lubers. Research conducted ¡n

lhg U.S. ind¡cates that yeflow nutsedge
lubers can b€ k¡llsd by desiccarion ãr
freezing ¡f brought lo the so¡l surface by
lillage operations. To avoid spread¡nõ
nutsedgê lubers, palches should be worked
separately and all equipment ¡n contact with
soil thoroughly cleaned. yellow nutsedge is
shade-¡r¡loleranl, and grow¡ng a trlgnty
compelilive crop (cereals or rapeseed) w¡ll
reduce luber producl¡on. Growing less-
competit¡ve crops l¡ke lentils, peas, or llax ¡s
nol r€commer¡dod. K¡ll¡ng nuls€dge shools
by tllllng lmmedlalety to owtng harvost w t
reduce tub€r producl¡on. Most of the
horblcld€s that otf€r seloctlvo control ol
yollow nutsedge are limited to use in
com-soybean rotat¡ons. Repsaled post-
emergerìce appl¡cations of high rales ot the
nonselecl¡ve herb¡c¡de, Roundup, will
prov¡de partial control of nulsedge patches-

Dlspersal

ln Man¡toba, it appears that yellow nutsedg€
propagat€s only vegetat¡vely by tubers:
viable seed ¡s not formed. Therefore tuber
Íþvement is required lor long d¡stance
d¡spersal. Contaminated l¡llage equipment
and olher mach¡nery is lhe most comnþn
way lh¡s weed ¡s spread. Root crops and
bedd¡ng plants w¡ll contr¡bute to the spread
of yellow nutsedge lubers if the product is
conlaminaled.

Research

The growth and competit¡veness of yellow
nulsedge ¡s being investigated at the
Un¡versity of Manitoba Glenlea Station with
th6 obiective of develop¡ng conlrol pract¡ces
applicable to Manitoba. This research ¡s
being funded by the Governments of
Canada and Manitoba through the Agr¡-
Food Program under lhe Economic end
Reg¡onal Development Agreement (ERDA
Program). Your assistance is requ¡red ¡n
¡dent¡fy¡ng sites of yellow nutsedge
¡nfeslal¡on to help document the scope of
lho cunent problem and the potent¡al spread
of lhis weed. This ¡nformation will be part of
a masters thesis and ¡s greafly appreciated.

Flndlng Yellow Nutsedge

Since yellow nutsedge ornerges relat¡vely
lale in spring and ¡nitial grolrth is slow, the
b€st t¡me to look for nutsedge ¡n fields ¡s
afler harvest ¡n annual crops, ard atlef
cutting hay. lf this w€ed is on your farm
ploase l¡ll out lhe eflached form and ma¡l il.
Wo w¡ll contact you afler rece¡v¡ng lho form
lo corfirm lhe find¡ngs and ansiwer arry
qu€st¡ons you have regarding th¡s wood.
Contact your Weed Supervisor or Ag. Rsp.
lor any add¡t¡onal ¡nlormalion.

Figure l: lnformaüon oamphret used in determining the geographic distributionof yellow nutsedge.
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3.3. Results and Discussion

Based on taxonomic propert¡es of.the inflorescence, including length and shape

of the spikelets, the yellow nutsedge variety present in Manitoba was identified as

var. esculentus. This is consistent with the results of Yip (1978) who reported

that var. esculentus was more prominent in temperate climates than var.

leptostachyus.

The survey was primarily sent out to ra¡se awareness lo the possible presence of

the weed. Secondarily it served as a reporting mechanism facilitating feedback

from the landowners to th€ Un¡vers¡ty of Manitoba. Only respondents that

suspected a nutsedge infeslation were asked to reply. ln total 13 replies were

received helping to form the distribulion map (Figure 2).

Based on the responses to the information pamphlet and field visils, it is apparent

that the nutsedge problem is increasing. Currently many of the infestations

consist of patches several meters in diameter (Appendix 1). However, in two

f¡elds that have been monitored closely for lhe past several years, nutsedge has

spread to other areas of the fields and the small patches have rapidly increased

in size. This is largely the result of cultivation which transports tubers from one

area to another.

All infestations that have been identified to date were in fields bordering the Red

River (Figure 2) reinforcing the presumption that the tubers spread in flood water

(Sturko, 1983). To date 21 infestations have been ideniified in Manitoba

(Appendix 1), the majority occurring near St. Jean Baptiste which is the location
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of the most convoluted part of the Red River in Manitoba (Figure 2). The reasons

for this concentration of infestations near st, Jean Baptiste are undetermined,

however, it ¡s hypothesized that the tortuousity of the river may have delayed

movement .of the f loodwaters promoting grêater soil and tuber deposition.

one exception to the location of infestations occurred during the summer of 19g9

where a single nutsedge plant was found in a strawberry field near Glenboro,

Manitoba. strawberry plants imported from New Brunswick were determ¡ned to

have been contaminated and the nutsedge planl was eradicated. widespread

distr¡bution of this weed commonly occurs through the transport of agricultural

produce contam¡nated wilh nutsedge tubers. American shipments of gladiolus

cormlets contaminated with tubers of yellow nutsedge in the early 1g7o's

introduced this weed into lhe Netherlands (van Groenendael and Habekotte,

1988). These cormlets are used in the gladiolus bulb industry which is

threatened by the presence of yellow nutsedge. At least four different varieties of

yellow nutsedge have been identified in the Netherlands indicating that several

unique intestations occurred rather.than only one (Borg et al., 19gg). This clearly

demonstrates the vulnerability of the agricultural ¡ndustry to magnification of

weed problems.

The best way to control yellow nutsedge is by preventing its movement into

noncontaminated so¡|. clearly a large part of a provincial weed management

strategy for yellow nutsedge musl focus on early ident¡ficat¡on of infestations and

prevent¡ng distribution. The informalion pamphlet (Figure 1)was parl of such an

extension effort which must be continued if yellow nutsedge conta¡nment is to be

achieved.



4. Yellow Nutsedge Growth and Ecotyplc Variability

4.1 lntroduct¡on

4.1.1 Growth Analys¡s

The growth and development of yellow nutsedge has been invesligated and

reviewed extensively (Mulligan and Junkins, 1976;Stollerand Sweet, 19g7). The

widespread distribution of this weed is ascribed to intraspecies variability that has

encouraged the development of many ecotypes suited to many different

environments (Yip, 1978; Stoller and Sweet, 1997). Ditferences among the

yellow nulsedge ecotypes have been quantified through growth analysis (Hauser,

1968; Boldt, et al., 1976; Yip, 1978) andvariability has been reported in a range

of biological parameters (Stoller and Sweet, 1987).

Research on the growth of yellow nulsedge has focused pr¡marily on the

production of tubers since they are the primary reproductive structure. single

yellow nutsedge plants growing for 16 weeks produced 332 and 1 073 tubers in

Minnesota and Zimbabwe, respectively, and 662 tubers atter 17 weeks of growth

in Georgia (Tumbleson and Kommedahl, 1961; Hauser, 1969; Lapham, 19BS).

By the end of the growing season, up to 28% of the total biomass of yellow

nutsedge consisted ol tubers compared to so% for purple nutsedge (williams,

1982).

4.1.2. Cold Tolerance of Tubers

Physiological differences between ecotypes may be of greater significance than

morphological differences. The increasing number of yellow nutsedge

infestat¡ons in cooler habitats is indicative of greater adaptat¡on of the weed to
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survival under f reezing temperalures (Holm et al., 1 970; Stoller, 1 973). ln lllinois,

the lethal temperature at which 50% of yellow nutsedge tubers were killed (LT5e)

was determined to be -6.5 to -7 c in experiments using a lemperature gradient

bar (Stoller ancl-Wax, 1973; Stoller, 1979). ln the field, tubers have survived

temperatures of -15 c indicating that other factors such as a longer cold

hardening per¡od must be involved (Stoller and Wax, 1973).

4.1.3. Des¡ccation Tolerance of Tubers

cultivation is an important component of perennial weed control, because it

destroys vegetative tissues by starvation and desiccation (Ross and Lembi,

1985). Research into the effect of desiccation on the viability of different

vegetal¡ve reproductive structures has shown that differences in desiccation

lolerance exist and contribute to the variability ¡n weediness of different species

(Grummer, 1963; Horowitz, 1972). Thomas (1969), exposed yeilow nutsedge

tubers to desiccation through a stepwise progression from 90 to 30% relative

humidity (RH) over a 12 week period. Nearly half of the tubers survived this

treatment. Greater mortality was observed among tubers placed directly in air

dry soil (82% nonviable) than those undergoing sequential desiccation in

humidity chambers (60% viable). Placing tubers directly in air dry soil invoked a

more rapid rate of desiccation and resulted in greater mortal¡t¡es (Thomas, 1969).

Variable results and inconsistent techniques make it difficu¡t to draw comparisons

between much of the research conducted on the des¡ccation tolerance of

vegetat¡ve propagules. The objectives of this research were to determine if

tubers of cyperus esculentus found in Manitoba exhibit tolerance to desiccation
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and to develop a standardized technique for determining desiccation tolerance of

vegetaiive reproductive propagules.

4.2 Materials and Methods

4.2.1 Growth Analysls - Pots

Yellow nutsedge tubers were presprouted ¡n petri plates. When the primary

rhizomes were approximately 1 cm ¡n length, sprouted tubers were planted to a

depth of 4 cm in 6.5 liter plastic pots, four per pot. This dens¡ty was €quivalent to

127 tubers m-2. The soil was an Altona Clay Loam with 40% clay, 27% silt and

33% sand with a pH of 8.0. At planting the nutrient levels were 172, 124 and 1

470 kglhaof N,P, and K, respectlvelyl. The plants were grown outside from the

first week of June until mid september and were fertilized once per month with

20-20-20 nutrient solution and watered as required.

Two ecotypes were included in the study, one from Harrow, Ontario2 (ONT) and

the second from Aubigny, Manitoba (MB). Plants were destruct¡vely sampled 36

and 90 days afteremergence (DAE) in 1988 and 19,86, b4, and 90 DAE in 1989.

At each sampling date five pots of each ecotype were sampled. The following

parameters were measured: leaf area3, leaf number, shoot number, luber

number and rhizome length. The dry mass of each of these components was

also determined. ln addition, shoot counts were made at frequent intervals,

generally 7-12 days apañ.

1 Manitoba Provincial Soil Testing Lab, Ellis Buildins, Universitv of Manitoba
2 Tubers were obtained from Allan Hamill, Agricultule Canada, Harrow, Ontario
3 Portable Leaf Area Meter, Model Ll-3000, [¡-Cor., Lincoln, NE.
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4.2.2 Growlh Analysls - Field

Tubers of yellow nutsedge were presprouted in petri plates and planted in the

field at the.university of Manitoba.Glenlea Research station on June 7, 19gg and

May 24, 1989. The sprouted tubers were planted in a field lhat had been broken

f rom an alfalfa,rbromegrass stand in 1 987. The soil was a Red River Clay with a

pH of 7.6. Nutrient levels were 92, 108, and 1 260 kg/ha of N,p, and K,

respectively, in 1989t. The site was typical of many of the locations infested with

yellow nutsedge in Manitoba in that it was located adjacent to the Red River and

susceptible to flooding in spring.

lndividual tubers were space planted 4 cm deep, 2 meters apart in a grid pattern.

The experimental area was hand weeded regularly. Eight plants were sampled

every 1 6 days beginning al plant emergence. After BO DAE the sample size was

reduced to five plants because lhe plants were too large. At each sampling date

the diameter of each plant was measured atter which the entire plant was dug up.

This usually entailed excavation to at least 12 inches below the soil surface.

Plants were separated into leaves, inflorescences, roots, rhizomes and tubers.

ln 1988, growth analysis of field grown plants was limited to MB, but in 19g9,

both ecotypes were grown in the lield to confirm the results from the pot

experiments. The following parameters were measured: leaf area, leaf number,

shoot number, inflorescence number, rhizome length, tuber number, soil area

(clonal spread) and the biomass of each plant component. Clonal spread was

calculated from the plant diameter measured prior to excavalion by the formula

iir2, based on the assumption that plants spread in a circular pattern. Rhizome

length, leaf area, leaf number and tuber number were determined by
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extrapolation from plant subsamples on a dry mass basis. subsample size was

dependent on total plani size and decreased from 50% initially lo 1o% nearthe

end of the growing season. Dry mass was obtained by drying the plant material

at 80 C for.48 hours.

Meteorolog¡cal data was obtained from Environment canada from a recording

stal¡on located in the field adjacent to the Glenlea lield site. This data was

compared with the 30 year mean in a seasonal subseries graph (Figure 3)

(Cleveland and Terpenning, 1982).

4.2.3 Statistical Analysis - Pot and F¡eld Growth Analysis

All data collected from pot grown nutsedge at the final sampling date were

analyzed using analysis of va¡iance and lhe means were separated using

Duncan's multiple range test (p=0.05).

The field data were analyzed using nonlinear regression techniques. ln most

cases a logistic model was fitted to the primary data (Hunt, 19g2) using a

derivative-free nonlinear regression procedure (Freund and L¡ttell, 1996). The

logistic model and ils use have been reviewed previously (Hsu, et al., 19g4;

Nickel, 1989).

4.2.4 Critica¡ Freezing Temperature of Tubers

Tubers were harvested from an established nutsedge ¡nfestation at the university

of Manitoba Glenlea Research station. Tuber dormancy was broken by washing

lubers for 12 hours under running cold water and storing at 2 c for 4 to 6 weeks



28

24

20

16

12

I
220

180

120

80

40

0
MJ J A S MJ J A S MJ J A S

MONTH

Fldure 3: Seasonal subseries comoarisons of mor hlv m€an temÞeraturss and
prãcipitation for 1988 and 1989, and ths 30 year avera¡ie at Glenled, Manitoba.

30 YEAR
AVERAGE

-L

1988 1989

tI r T



32

(Lapham, 1985; Stoller and Wax, 1979; Thomas, 1967; Tumbleson and

Kommedahl, 1961). These tubers were sorted to reduce variability in size, color

or degree of mechanical injury and treated with a fungicide solution (Appendix 2).

Tubers weighecl,approximately 0.35 grams and were 1O to 12 mm in diameter.

The freezing apparatus was similar to that described by Wright (19g4) and

consisted of an 80 L plastic barrel that was filled w¡th a solution containing 70%

ethylene glycol and 30% water. The barrel was wrapped in fiberglass insulation

and placed in a freezer kept at -30 C.

Ten tubers were placed in 10x10 cm plastic bags containing 30 g of sand and 1

ml of water. The bags were heat sealed and lhen placed in a second bag and

heat sealed again to ensure that tubers would not contact the ethylene glycol

solution. Similarly thermocouples were heat sealed in identical bags without

tubers and temperature was recorded at 15 minute intervals using a datalogger.4

Five tuber samples of each ecotype were atlached lo wire grids to facilitate

removal of the tubers from the bârrel. Prior to placing tubers in the ethylene

glycol solution they were stored at -3 C for 24 hours. Once ihe temperature in

the barrel fell to -3 C, the prefrozen tubers were placed into the ethylene glycol

solution and removed at increments of 3 C down to -21 C.

Upon removal from the barrel, tubers were retained at 2 C for 24 hours. The

tubers were then placed in plastic petri dishes with one piece of filter paper per

dish and watered to keep moist. The tubers were incubated at 22 C for a period

of 6 weeks. Sprouted tubérs were removed from the plates as they sprouted

4 Omega Data Logger, Model OM205, Stamford CT.
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leaving dormant and dead tubers for the duration of the incubation period. These

remaining tubers were cut in half and dormant and dead tubers were separated

based on the hardness and color of the t¡ssue inside. white, hard tissue was

associated. with-dormant, v¡able lubers and yellow to brown, sott tubers were

deemed nonviable (Stoller, 1973; Stoller and Wax, 1973; yip, 1978). The

experiment was repeated tw¡ce, however, ¡n the first run only MB tubers were

used whereas in the second run both MB and ONT tubers were used. The

results from both experiments were combined for analysis since the results were

similar.

4.2.5 Tuber Viability and W¡nter Soll Temperatures.

Winter soil temperatures were monitored using dataloggerss housed in an

insulated wooden box at the Glenlea Research Station. ln 1ggg, tubers were

buried 5, 1 0 and 1 5 cm below the soll surface with three repetit¡ons per depth. A

copper-constanlan thermocouple was inserted next to the tub€rs. Three plastic

mesh sacks, each containing 200 tubers, were placed at each of the three depths

in a randomized design. ln spring the tubers were recovered, treated w¡th

fungicide (Appendix 2), and checked for viability using criteria mentioned

previously þ.2.9. ln 1989, all tubers were placed 10 cm below the so¡l sudace

and attempts were made to regulate the snow depth. A structure was built to

keep snow off the ground and yet permit ambient remperarures ro roach rhe soil

surface. ln add¡tion, a snow screen was placed directly south of a second

treatment with the intent of blocking snow to increase the depth of snow cover

over three of the buried sacks. The third treatment was left as natural snow

cover.

s Li-Cor Data Loggers, Model Li-1000, Li-Cor lnc., Lincoln, NE.
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The influence of freezing temperatures on tuber viabilìty was evaluated by

plotting tuber viability versus cold units (cu). cold units were calculated as the

degree days of temperatures below -12.5 c during the 6 month overwintering

period. Th.e ternperature oÍ -12.5 c was chosen based on the data obtained from

the crit¡cal freezing experiment where -12.s c was the temperature at which s0%

of the tubers would no longer sprout. cu were calculated from November

through April of each year by: CU (degree days) = days(T_12.5ç - T._re.sc)

(Gardner and Barnet, 1990). This type of evalualion was required since the

cumulative effect of the wlnter temperatures was being considered rather than an

individual parameler such as the minimum lemperature attained during the

winte r.

4.2.6 Tuber Desiccation

Yellow nutsedge tubers used in the desiccation experiments were collecled from

the University of Manitoba Glenlea Research Station where a nutsedge

infestation was established in 1988. Tubers were harvested in May and october

of 1989. Of those tubers recovered in May, 6% were dormant and 20o/o were

nonviable, probably the result of winterkill. All of the tubers recovered in october

were dormant. Tuber dormancy was broken by washing tubers as described

previously (4.2.4), Atter this treatment less than 1% of the tubers were

determined to be either dormant or dead. prior to in¡tiation of the experiment,

iubers were treated with fungicide (Appendix 2).

The desiccation chambers were designed similar to the constant humidity

chambers used by Wiebe (1983) to determine the effect of water vapour uptake

on wheat seed germination. The chamber consisted of a glass Mason canning
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jar (1 L) with a 1 cm diameter hole cut in the lid. Ten tubers were placed in a fine

grade aluminum mesh baskeÌ lhat was suspended by a brass wire in the

desiccat¡on chamber. The 1 cm hole in the jar lid was sealed with a rubber disk

that functio.ned to both seal the jar and hold ihe aluminum basket at a constanr

height (Figure 4).

A constant RH was achiêved by placing 7s ml of a super-saturated sall solution

in each jar. Each salt solution has a characteristic vapor pressur€ and in a

sealed container will maintain a constant RH. The solution was super-salurated

in order to prevent changes in humidity as water vapor moved out of the tubers or

leaked into the jar. The salt solutions used were: ammonium sulfate (g1% RH);

sodium nitrate (66% RH); and calcium nitrate (S2% RH). These desiccation

treatments were conducted under two temperature regimes, 22 and 30 C.

Ten tubers were weighed and suspended in each desiccation chamber, S cm

from the container bottom. Daily measurements of the tuber weight were made

by suspending the wire mesh assembly containing the tubers on a frame that

surrounded the jar, yet permitted weighing the tubers without the jar.

Measurements were made until no change in tuber weight was obserued

(approximately I days), at which point the tubers had equitibrated with the RH in

the chamber.

Tubers were plated out and incubated al 22 c for 6 weeks to determine viability

(Yip, 1978; Stoller and Wax, 1973; Stoller, 197S). Viabitity was determined as

described previously in section 4.2.4.



Flgure 4: Desiccation chamber (adapted from Wiebe (1983)).
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Analysis of the drying curyes was performed by techniques adapted from

Versavel and Muir (1988) where the drying behavior of wheat spikes was

investigated. Tuber moisture loss was considered to be a funclion of the tuber's

moisture cantent and described by

M-Me
= exoGkt)

Mo-Me

where M = moisture content (%db); Me = eguilibrium moisture content (%db);

Mo = initial moisture content (%db); t = time (days); k = drying constant (day-1)

(Versavel and Muir, 1988). PROC REG was used to determine the linear drying

relationship between the tuber drying rate and the tuber moisture content

gradient (Freund and Littell, 1986).

4.3 Results and Discussion

4.3.1 Statlstlcal Justif lcation

The logistic model is described by y=a/(1+be-cx) where y represents the leaf

area, shoot number, tuber biomass, etc. and x, the DAE or independent variable.

The parameters a, b and c are estimates that determine the shape of the curve.

Useful values that can be obtained from lhis model are: acl4, the slope at the

inflection point or the maximum absolute growth rate (AGR¡¿¡); /n b/c, the value

of x at the ¡nflection point; a, the asymptote and a/(1 +b), the y intercept. The

curve is unique in having symmetrical upper and lower portions around the

inf lection point.



Yellow nutsedge displays indeterminate grovúth but approaches an asymptote in

response to cooling temperatures in fall. Therefore, the logistic model is

appropriate based on the quality of fit and the biological realism of the curve.

ln some cases, where the flt of the logistic model was poor, an exponential

model, y=¿scx, was required where y is lhe dependent variable, x the

independent variable, and c the rate of exponential increase. This model has

neither an asymptote nor an inflection point (Hunt, 1982). The exponential curve

is an early component of many growth curves, however, it is impossible for a

growing and differentiating organ to maintain an exponential increase.

Consequently, the use of an exponential model alone for growth analysis

indicates that lhe grovvth process under invest¡gation may be in its early stages.

Prolonging the invesligation of the grovvth process would result in a shift towards

a more sigmoidal response.

As standard error of a parameter estimate increased confidence in that

parameter estimate decreased. lf the slandard error was half or less of the

parameter est¡mate it was considered acceptable (Koutsoyiannis, 1977). The

coetficient of determinat¡on (R2), was calculated for all nonlinear regressions as

described by Kvalseth (1985).

4.3.2 Growth Analysis - Pots

ln most cases ihe shoots of both the MB and ONT ecotypes emerged within one

week of plant¡ng. The number of shoots produced per pot was similar in the two

years (Figure 5; Table I). ln 1989 the plants of both ecotypes produced more

tubers than in 1988 and lhe mass of tubers was more than two times greater in
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Treatment a

(AGRma¡) (DAE)

R2 ecJ4 ln b/c

SHOOT NUMBER (Figure 5)

MBee

MBeg

ONT66

ONTse

(no.)

54.5s(2.28) 38,31(18.3e)

52.61 (2.6s) 16.92(1 1 .63)

160.41(4.70) 49.65(11.18)

135.85(3.2s) 64.16(18.24)

0.099(0.014)

0.102(0.032)

0.080(0.010)

0.098(0.009)

(no. day-1)

r,úÞ ób.Ò/

1 .34 27.73

3.21 48.81

3.33 42.46

0.83

0.82

0.95

0.98

AGFìmax = maximum absolute growth rate, DAE = days atler emergence.
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1989 (Table 2). Differences in yellow nutsedge growth between years was as

great as the ditferences between the two ecotypes, The differences in growth

are probably related to differences in temperature since both soil type and

watering regimes remained similar in the two years. In 1ggg, mean monthly

temperatures were 3 c warmer lhan the 30 year mean and 2 c warmer lhan the

mean monthly temperature for 1999 (Figure 3). Based on its geographical

distr¡bution, yellow nutsedge should grow betler under warmer temperatures

(Bendixen, 1987). The large difference in tuber product¡on between the two

years cannot be ascribed to lhe small ditference in temperature belween 19gg

and 1989 and therefore remain inexplicable.

oNT produced three times more shoots than MB at the fínal harvest date in both

1988 and 1989 (Table 2). Conversety, MB plants consistently produced

approximately twice as many tubers as oNT (Table 2). while the data are not

presented, other d¡fferences included greater final leaf area and leaf number for

the ONT ecotype as compared to the MB ecotype.

Because of the ecotypic differences observed ¡n the pot exper¡ments, both

ecotypes were grown in the field in 1 g8g for further comparisons. Growing plants

in pots provides useful comparative information between €cotypes (williams,

1982), but field grown plants provide more realistic values. This is particularly

important for yellow nutsedge since it is a perennial plant with an indeterminate

growth habit.
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Analysis of the drying curyes was performed by techniques adapted from

Versavel and Muir (1988) where the drying behavior of wheat spikes was

investigated. Tuber moisture loss was considered to be a funclion of the tuber's

moisture cantent and described by

M-Me
= exoGkt)

Mo-Me

where M = moisture content (%db); Me = eguilibrium moisture content (%db);

Mo = initial moisture content (%db); t = time (days); k = drying constant (day-1)

(Versavel and Muir, 1988). PROC REG was used to determine the linear drying

relationship between the tuber drying rate and the tuber moisture content

gradient (Freund and Littell, 1986).

4.3 Results and Discussion

4.3.1 Statlstlcal Justif lcation

The logistic model is described by y=a/(1+be-cx) where y represents the leaf

area, shoot number, tuber biomass, etc. and x, the DAE or independent variable.

The parameters a, b and c are estimates that determine the shape of the curve.

Useful values that can be obtained from lhis model are: acl4, the slope at the

inflection point or the maximum absolute growth rate (AGR¡¿¡); /n b/c, the value

of x at the ¡nflection point; a, the asymptote and a/(1 +b), the y intercept. The

curve is unique in having symmetrical upper and lower portions around the

inf lection point.



Table 2: Comparison of shoot numbers
nutsedge ecotypes grown in outdoor pots.

4t

and tuber production of two yellow

Shoot
Number

Tuber Tuber
Number DryWeight

MBse

MBag

ONT6s

ONTas

153. 1 a

56.6a

157.9b

141.2b

448.2b 26.96b

734.7a 49.49a

273.4c 1 1.40c

414.8b 21.98b

1 Values presented are the means from the final samplino date lseotember 4.
1988, September 13, 1989). Tubers were planted on Juñe 7, 1ggg'and June'8,
1989.

4.3.3 Growth Analysis - F¡eld

4.3.3.1 Seasonal D¡fferences

Primary rhizomes began emerging from tubers during the second week of June

in both years. Ditferences in MB shoot dry weight, leaf area, rhizome length and

luber product¡on were ascribed to different growing conditions in the lwo years.

The summer of 1988 was unusually dry and hot, whereas in.l 999 precipitation

was above average and temperatures were normal (Figure 3).

Despite the similarity in shoot numbers in the two years for MB (Figure 6, Table

3), shoot dry matter production was significantly different, with''l81 and 290

grams per plant in 1988 and 1989, respectively. A two-fold difference in

nutsedge shoot dry matter was also reflected in the leaf area measurements. By

the end of the growing season the leaf area of MB in 1988 was about half that in

1989. ln the first year the plants produced 2.18 m2 leaf area compared to 3.98



E eoq

J
fL
6 600
lUù

2 ooo
Fo
? eoo
U)

0

400

-
E 350

-cL

ìi300

ff 250
F
f, eoo

¡ 150
(r
Õ rooFoo50IØo

MBss a-a
- MBss A-A

oNTaE 1""""""I

0 20 40 60 80 100 120

DAYS AFTER EMERGENCE
Flgure 6: lncrease in yellow nutsedge shoot numbers and accumulation in shoot
dry matter. during. a. single growing season. Mean values from each sampling
daie and the log¡stic functibn fitted to the primary data are plotted for bacñ
ecotype.



Tablê 3: Looistic Darameter estimat€s (standard error in parêntheses) for yellow nutsêdgê
shoot numbe-r proðudion and shoot dry matter accumulat¡on.

Treatmênt a

(AGRmax) (OAE)

R2 ecl4 ln b/c

Shool Numbêr (Figur€ 6)

(no.)

MBes 357.2(26.3) 414(539) 0.095(0.022)

MBeg 314.9(19.5) 1070(1707) 0.113(0'027)

oNTes 1013.8(69.1) 880(846) 0.088(0.014)

(no daY't¡

0.81 8.48

0.83 8.89

0.91 22.30

63.43

61.73

77.04

Shoot Dry Wêlght (Figure 6)

(s) (g daY't¡

MBee 1S0.9(12.6) 1725(2692, 0.106(0'02) 0'83 4'7s 70 3'l

MBag 290.5(10.9) 1173(12071) 0.147(0.02) 0'95 10'68 63'74

ONTas 355.1(21.5) 355(239) O.oZ(0.01) 093 684 76'29

AGRmâx - maximum absolute growth rats; DAE'days after omerg€nco
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m2 in 1989 (Figure 7; Table 4). Therefore, nutsedge plants grown in 19g9 had

larger leaves and more shoots than those grown in 1ggg, primarily the result of

higher precipitation received in June of 1989.

Differences in subterranean g rovuth also occurred in the two years. ln l ggg

yellow nutsedge plants produced 300 meters of rhizomes compared with 644

meters in 1989. This ditfêrence in rhizome length did not correlate with increased

clonal spread since MB66 covered 7Bl"ol lhe areacovered by MBsg. ln 19g9

the number of tubers produced was double the number in 19gg with 3 400 and

1 500 tubers per plant, respectively (Figure B). Therefore, the increase in

rhizome length in 1989 verses 1988 is attributable to an ¡ncrease in rhizomes that

differentiated to form tubers rather than rhizomes that differentiated to form

shoots.

ln 1989 the onset of tuberization began approximately 2 weeks earlier than in

1988 (Figure 8). A logist¡c model provided the.best fit (R2 = O.B7) to the 1989

data, whereas an exponential modêl provided the best fit (R2=0.95) for the 19gg

data (Table 5). |n 1989 tuber production was sigmoidal and was twice the

magnitude of luber production in 1988. Tuber production in 19gg remained

exponential.

The lifecycle of nutsedge in Manitoba (Figure 9) is compressed when compared

with nutsedge lifecycle diagrams from other locations (van Groenendael and

Habekotte, 1988; Stoller, 1981). ln Man¡toba, tubers sprout in late May and

begin forming towards the end of July, as compared to lllinois where tubers

sprout from the beginning of May and tuber formation begins at the beginning of

August (Stoller, 1981). The entire nutsedge lifecycle in Manitoba is completed in
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Flgure 7:.Accumulation of yellow nutsedge leaf area during a single growing
season. Mean values from elach samplinglate and the logistr-c funciíonÌ¡tteJ tò
the primary data are plotted for each eòoryÞe.

Leaf Area (F¡gure 7)

(m2) (mz day.r)

MBaa 2.176(0.160) .2019(3518) 0.110(0.027) o.BO 0.06 69.2

N4Beg 3.979(0.075) 6135(118814) 0.131(0.058) 0.96 0.13 66.6

ONT6e 5.334(0.2e3) 621.3(s01.9) 0.088(0.013) 0.92 0.12 73..1

AGRmax . maximum absoluts growth rate; DAE - days âfier emêrgêncê



3.0

E2.sñ
õ.

È,0
o
fi 1.5
cc
o-Ø 1.0
J
2
o 0.5Jo

0.0

4000

t-z
$ sooo

É,
IU
fL

ffi 2000
o
f
cc 1000
ltl
dlf,
t--

0

MBsa A-A
¡¡ese A-A
ONTss I """""" I

0 20 40 60 80 100 120

DAYS AFTER EMERGENCE

Figure 8: Clonal spread and tuber production of yellow nutsedge during a single
growing season. Mean values from each sampling date and the logistic and
exponential functions fitted, where appropriate, to the primary dataãre þlotted for
each ecotype.



Tablo 5: Logistic.palameter êstimates (standard error in parentheses) for yellow nutsedgs
clonal spread and tubêr Droduclion.

Treatment

(AGFmar) (DAE)

R2 acl4 ln b/c

Clonal Spread (Figurs 8)

(m2)

MBaa 1.735(0.121)

MBse 2.334(0.103)

ONTeg 3.s40(0.213)

(m2 day'1)

0.105(0.023) 0,83 0.046 70.38

0.129(0.020) 0.93 0.075 64.45

0.076(0.010) 0.93 0.067 77.08

1619(2492)

4081(5030)

3s0(231)

Tuber Numb€r (Figur€ 8)

(no.)

rMBss 1.842(0.n5\

MBss 3395(280) 4419s(104496)

tONTag 0.985(1.065)

0.060(0.004)

0.127(0.030)

0.065(0.01)

(no. oay't¡

ôoE

o.87 107.8

0.89

84.2

1 Exponential model parameter sst¡mât€s

AGR¡¡4¡ - maximum absolutê growlh rato; DAE . days atter emergencê
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a four month period with september and october providing time for more tuber

formation, tuber maturation and winter hardening. Adaptation to a shorter

growing season is crucial lo the survival of yellow nutsedge in Manitoba.

4.3.3.2 Ecotyp¡c Differences

Based on the similarity of the spikelets and their or¡entation, the two ecotypes

were determined to be the same var¡ety of yellow nutsedge, cyperus esculentus

var. esculentus. Aside from these taxonomic sim¡larities, inflorescence

production was qu¡te different between ecotypes. MB produced over 59

inflorescences per plant in a single growing season compared with only 1.6 for

ONT. ONT inflorescences did not extend out of the plant in the same way as

those from MB. The leaves of ONT plants were less prone to breakage and

lherefore sheltered the inflorescence, giving the plants a more bunched

appearance (Figure 1 0).

ln the field, the growth of ONT was very ditferent from that of MB. This was

expected based on the preliminary observat¡ons made from the yellow nutsedge

growing in pots in 1988. Similarto the ecotypic ditferences observed in the pot

experiments, ONT produced three t¡mes more shools than MB, with predicted

values of 970 and 314 shoots per plant, respectively (Figure 6; Table 3). ln

addition, the AGRmax for oNT shoot numbers occurred 2 weeks later than for

MB. Despite these differences in shoot number, MB had larger shoots than ONT,

accounting for the similar accumulat¡on in shoot dry matter between the two

ecotypes w¡th asymptotes of 290 and 355 grams per plant, respectively (Figure 6;

Table 3). The leaf areas for the two ecotypes were similar until approximately gO

DAE when MB approached an asymptote and ONT continued to increase such
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that by final harvest ONT leaf area was S.16 m2, lully 1.2 m2 greater than MB

(Figure 7; Table 4).

Ecotypic dlfferences were also obserued in rhizomo and tuber production. The

ONT plants produced 920 meters of rhizomes compared to 644 meters by MB.

ln contrast, clonal spread of ONT was limited to 2.8 m2 by the end of the growing

season comparcd to 2.7 m2 for MB. Greater rhizome length was not related to

increased clonal spread but rather to increased shoot production by higher order

rhizomes that did not spread far from the parent shoot. Additionally, AGR¡¿¡ for

tho clonal spread of ONT occurred nearly 20 days after that of MB (Figure g;

Table 5).

Tuber production, ie., reproductive potential, differed significantly between the

two ecotypes. MB produced a mean of 3 400 iubers compared to only 1 450 by

ONT. ONT began forming tubers approximately two weeks after MB and

followed an exponential increase. ln the case of MB, tuberization was sigmoidal

producing twice the magnitude of ONT tuber production near the end of the

growing season. Curves describing ONT tuber production did not approach an

asymptote nor did they have an inflection point.

The above results show thal the ONT plants require a longer growing season

since the AGRma( for the shoot number occurred 2 weeks later than for MB as

did the onset of tuber formation. The AGRmax for clonal spread in ONT was

delayed by 3 weeks compared to that of MB. ln addition, luberizalion in ONT

began during a photoperiod of approximately 14 hours compared with a 1S.2

hour photoperiod for MB. Previous work has indicated that a 14 hour

photoperiod may be critical for the onset of tuberization (Jordan-Molero and
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stoller, 1978), however, this research ¡ndicates rhat photop€riod may not be

impodant since tuberization was initiated at ditferent times over the two years.

These results support those of Stoller (1983) where factors other than

photoperiod such as day/night temperature variation and soil nitrogen levels were

shown to be important in the initiat¡on of tuberization.

Total biomass pañitioning over the growing season was also very ditferent for

these two ecotypes. MB allocated approximately 2So/" ol its biomass to leaf

tissue compared with 50% for ONT at 112 DAE (Figure 11A and 118).

Conversely, tuber biomass constituted over S0% of the total biomass of MB

compared lo 21yo for ONT. Williams (1982), working in Oklahoma, determined

lhal2Slo of the total yellow nutsedge biomass was allocated to tubers which was

similar to the ONT results reported in this study. ln total, MB produced B71o more

dry matter than ONT, with most of the ditference ascribed to ditferences in tuber

formation. Clearly, under Maniloba growing conditions, MB plants are a gr€at€r

weed threat than ONT plants.

4.3.4 Freezing Tolerance of Tubers

Temperature reductions were similar for both runs of the experim€nt with a linear

decrease of approximately one degree Celsius per hour. MB was determined to

be more hardy than ONT with an LT5s of -15.0 C compared with -7.3 C for ONT

(Figure 12; Table 6). The data were fitted to a logistic model since this best

described the rapid reduction of tuber viability at near-lethal temperatures. As

temperature of MB was decreased from -11 to -13 C, luber sprouting was

reduceil from 84.6% to 5.8%. The validity of the logistic model was further

justfied by the similarity between ¡ts inflection point and the calculated LTso which
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Table_6: Logistlc paramêtêr estimates (standard error in pa¡€nthêsês) for ysllow nutsedge
tuber freezing tolerance.

Treâtment R2 ln b/c

Tuber Frëszlng Tol€ranca (Figure 12)

(%\

MBspnour 93,9(2.1) 1.7E-13(N/A) 2.470(1.191)

MBvr¡eLE 102.3(2.3) 0.003(0.002) 0.390(0.041)

oNTspqou¡ ìô¿.e(0.¿) o.oss(o.o3s) 0.703(0.169)

ONTy¡¡s¡¡ 105.9(6.2) 0.042(0.033) 0.451(0.082)

Sprout - lhoss tubsrs that sprout€d during ths incubation p€riod.

Viable - those lubers lhat did not sproul ând d¡d not decay durìng ths incubat¡on period and
w€r€ presumed dormant.

(% C-l) (Temp.)

0.87 57.96 -11.89

0.84 9.97 -14.57

0.88 18.42 -4.85

0.88 | 1.95 -7.05
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indicates symmetry of the curve around the SOlh percentile. A sigmoidal

response was also observed in similar work conducted by Stoller and Wax (1973)

and Stoller (1 973) where the critical freezing temperature for yellow nutsedge

tubers in Urbana, lllinois was determined to be -6.5 to -7 C. ONT yellow

nutsedge tubers also had an LT59 near -7 C and therefore exhibit similar cold

hardiness to tubers from lllinois.

Figure 12 indicates lhat the temperatures required to reduce tuber sprouling by

50o/o arø 2 to 3 C warmer than the temperatures required to reduce tuber viability

by 50%. This ditference may have been the result of a condilional dormancy

imposed on the tubers under extreme cold temperatures. Although conditional

dormancy was not confirmed with this research it is a logical explanation of the

results. Conditional dormancy may be an important adaptive characteristic lor

tuber survival under cold temperatures.

The greater tolerance of the Manitoba ecotype to freezing temperatures

reinforces the extent of the ecotypic differences reported and suggests lhat

yellow nutsedge may continue to spread to areas as cold or colder than southern

Manitoba.

4.3.5 W¡nter Soil Temperatures and Tuber Viabillty

Dur¡ng the w¡nter of 1988/89 soil lemperatures did not fall below -13 C at any of

the three burial depths. Both at the 5 and 1O cm depths, approximately 46/o of

the tubers survived. Of those tubers bur¡ed 15 cm below the soil surface, 65%

remained viable. These ditferences in tuber viability could not be proven to be
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related to differences in soil temperature or cu in lg8g/gg as had been

hypothesized. Iherefore the differences in tuber viability remain unexplained.

ln the winter of -1989/90 colder soil temperatures occurred than in the previous

year, probably the result of reduced snowfall and e)dremely cold temperatures

early in the winter prior to any significant snowfall. Although attempts at

regulating snow depth were unsuccessful because of the lack of snow in

1989/90, ditferences in so¡l temperature did occur. Nine of the ten bags of tubers

were exposed, at least briefly, to temperatures below -15 C (Figure 1gA). With

an ¡ncrease in the degree days below -12.S C there was a decrease in tuber

viability described by the linear relationship y = -0.80x + 56.4 (R2 = 0.80) (Figure

1 3B). Tuber survival declined f rom 61 % lo 8% with increased exposure to cold

temperatures. The lolerance of tubers to freezing in the f¡eld was similar to that

observed in the laboratory. Although the same cr¡t¡cal temperature of -15 C in

the lab was nol determined in the field, it appears thattemperatures near -1S C

were effective in reducing viable tuber populations in the field. previous research

has shown large discrepancies belween field and laboratory freezing tolerance

(Stoller and Wax, 1973) bul these were not observed here..

ln both years, under the most favourable (warmest) field conditions, at least 30%

of the tubers d¡d not survive the winter. From personal observation, it appears

that very few tubers would survive more than two winters. Therefore, exposure

to cold temperatures should be incorporated as an integral component in yellow

nutsedge control programs where the winters are severe.
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4.3.6 Des¡ccat¡on Tolerance of Tubers

The desiccat¡on chambers effectively desiccated the nutsedge tubers to a range

of moisture contents and at d¡fferent rates (Figure 14). Although identical

treatments were used in each experiment, rates of desiccation were not

consistent across experiments. One possible reason for this inconsistency may

be the cond¡tion of the tubers. Potato lubers are known to lose water more

rapidly if the periderm is bruised (Nash, 1985). Rough handling of tubers may

increase the rate of water loss from the tubers as compared to nonbru¡sed

tubers. Regardless of the basis for the inconsistencies, the greater number of

desiccation rates provided a larger range of data for analysis.

Final luber moisture contenl did not influence tuber viability directly since no

significant relationship could be established between these parameters. Tubers

desiccated lo 2.5'/" mo¡sture content maintained 77lo viabiliiy upon rehydration

(Figure 154). Similarily, no relationship between temperature at desiccation and

tuber v¡ab¡l¡ty could be established.(data not presented) as had been previously

reported by Thomas (1969).

Tuber moisture loss was curvilinear as is typical of most tissues undergoing

desiccation (Figure 14). The tuber dry¡ng curves that describe tuber moisture

loss as a function of the moisture gradient, for the range of moisture cond¡tions

under sludy were described by a linear relationship (Versavel and Muir, 19gg),

The slopes of these l¡near relationships were ploüed against tuber viability to

determine the inf luence of the rate of drying on tuber viability (Figure 1 SB). The

rate oi desiccation strongly affected tuber viability and is described by

f = -298.7x + 214.5 F2 = 0.74). This result implies that tubers located on or
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near the so¡l surface would be susceptible to greater mortal¡ty than would tubers

found deeper in the soil where soil moisture loss occurs more slowly. Since deep

tillage places tubers deeper in the soil profile (McDonald, 1986) it would not be as

effective as shallow tillage in facilitating tuber desiccation.



5. Crop lnterference and Nutsedge Growth

5.1 lntroduction

Yellow nutsedge does not possess many of the characteristics normally

associated with competitive weeds. Because yellow nutsedge has a C4

photosynthetic pathway, it grows rapidly under high light intensities and

temperatures (Keeley and Thullen, 1978). Since yellow nutsedge is sensit¡ve to

shading, crops that grow laller than the weed have a competitive advantage

(Stoller, 1981).

Yield losses due to competition from yellow nutsedge do occur when the crop is

slow to emerge or emerges later than the weed. Cotton yields in Alabama were

reduced by 41% if yellow nutsedge competition lasted for the entire growing

season wilh an average nutsedge density averaging 60 shoots m-2 (patterson et

a|.,1980).

The major objective of all yellow nutsedge control pracìices, including growing of

competitive crops, is to reduce or prevent the production of tubers. Tubers are

the primary reproduclive propagules and are responsible for the perennial growth

habit of this weed (Keeley and Thullen, 1978). Shading effectively reduces both

the growth and production of tubers in yellow nutsedge. Shading nutsedge

plants caused a shift in biomass partitioning from the tubers to the leaves

(Patterson, 1982). Additionally, Patterson (1982) determined that shaded

nutsedge plants had the same area per leaf as non-shaded nutsedge but dry

matter per leaf was lower and fewer leaves were formed per plant. ln California,

reducing incident radiation by 30 and 80% reduced tuber production by 32 and

80%, respectively (Keeley and Thullen, 1978). Providing B0 and g4% shade to
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nutsedge plants for a 3 month per¡od l¡mited tuber production to Sg1 and 51

tubers per plot, respectively, (Keeley and Thullen, 1978) indicating that even very

dense shade does not prevenl tuber product¡on entirely (Jordan-Molero and

Stoller, 1978; Patterson, 1982). These studies emphasize the importance of

good crop management in impeding nutsedge growth.

ln Manitoba, no successlul yellow nutsedge controf measures have been

established and many control praclices in use elsewhere relate to cropping

practices that are not common in Manitoba. There are no selective herbicides

that effectively control yellow nutsedge in crops commonly grown in Manitoba

and therefore a greater emphasis must be placed on agronomic practicês that

provide effective weed control. The objectives of this research were to

dêtermine thê influence of a competitive crop, grown in Maniloba, on the grovvth

and reproductive potential of the Man¡toba ecotype of yellow nutsedge.

5.2 Mater¡als and Methods

An infesiation of yellow nutsedge was established al lhe University of Manitoba

Glenlea Research Station in the spring of 1 988. The soil was a Red River Clay

that was broken from an alfalfar'bromegrass hay crop in 1987. ln 1989 the soil

had a pH of 7.6 and nutrient levels were 92, 108, and 1 260 kg/ha of N,p, and K,

respectively. Nutsedge grovvth in 1988 ¡ncreased the tuber density from the initial

planting density of 50 m-2 to 1 018 m-2 by the spring of 1989.

The ¡nfestation was initiated in a randomized complete block design lhat would

facilitate eight replications of three treatments. ln 1989 lreatments were

established and included nutsedge growing alone, nutsedge growing together
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with a barley crop and barley growing alone. prior to seeding, the experimental

area was fertilized with 22 kg N ha-t and 23 kg p ha-1. The fertilizer was

broadcast and incorporated with a double discer. Barley (Bedford) was sown on

May 27,1989 at 110 kg ha-t to a 4 cm depth. On those plots where nutsedge

was to grow alone, barley was selectively removed with fluazifop-butyl at 200 g ai

ha-1 on June L Fluazifop-butyl was re-applied at 2OO g ai ha-t on June 1B to

remove late emerging barley from those same plots. There was no visible injury

to the nutsedge plants as a result of either application of fluazifop-butyl. The

experiment was hand weeded regularly and nutsedge was removed from where it

had spread into the nutsedge free plots.

NutseCge was destructively sampled from two 25x25x20 cm guadrats per plot O,

18, 36, 54 and 72 days after emergence. All above ground plant tissue in the

quadrat was removed and the area beneath the quadrats was excavated lo a

depth of 20 cm. Samples were separated into barley culms, nutsedge shoots,

rhizomes, and tubers. The biomass of each plant component was determined

after the material was dried at 80 C for 48 hours.

Photosynthetic photon flux density (PPFD) was measured with a line quantum

sensorl at weekly intervals. Measurements were made at ground level and

above the plant canopy during 1200 to 1400 hours in order to evaluale changes

in incipient radiation.

Where appropr¡ate, the primary data were fitted to the logistic model using a

derivative free nonlinear reþression procedure (Freund and Littell, 1986).

1 Line Quantum Sensor, Model Ll-191S8, Li-Cor lnc., Lincoln, NE.
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othenvise PRoc REG was used to define the linear relationship of the primary

data as outlined by Fruend and Littell (1986). Final sampling date parameters

were also compared in a table adapted from van Groenendael and Habekotte

(1 988) thro.ugh the use of the f iest.

5.3 Results and Discuss¡on

Barley effectively reduced the amount of light penetrating the plant canopy at a

faster rate than did nulsedge growing alone. Where nutsedge was growing with

barley, 14ïo of available PPFD was penetrating the plant canopy at 23 DAE

compared with 87% where nutsedge was growing alone. By g0 DAE only 2./" ot

available PPFD entered the canopy in the plots containing barley and nutsedge

compared wilh 56% for nutsedge growing alone (Figure 16). ln plots containing

the barley crop, there was little light available to suppott nutsedge growth only

three weeks after emergence.

lnterference from the barley crop effectively reduced grovúth of all measured

parameters of yellow nutsedge. lnitially, nutsedge shoot numbers were similar in

the plots containing barley and those without, as expected based on the uniform

tuber densilies recovered on the first sampling date (0 DAE). Nutsedge shoot

production was draslically reduced by the barley crop, culminating in final shoot

densities of 302 and 1 000 shoots m-2 in the plots containing barley and those

w¡thout, respectively (Table 7).

Differences in shoot biomass were more pronounced than ditferences in shoot

number. ln the absence of crop compel¡tion, nutsedge produced almost 12 times

as much shoot dry matter as where it was competing with barley (Figure 17).



100

90

A
l'...
ï "'a NUrs

I ti 
NUrs

\ 
\. aanr

riti

\i\.. i

ALONEÉuo
<70(I
t-
960
lUÀso
t-Ig40
J

230
t¡J
O
ffi20(!

10

0

NUTSEDcE ALoNE 4..'......... a
NUTSEDGE wlTH BARLEY tr ----- tr

l-¡

20 30 40 50 60

DAYS AFTER EMERGENCE

Figure 16: Percent of incipient photosynthetic photon flux density (ppFD)
penetrating to the ground thrciugh tlie plani canopie's. Mean percênt pênètration
values are plotted and connected.



67

Where nutsedge was growing alone nutsedge shoot dry matter production was

best described by a logistic model but in plots containing barley and nutsedge a

linear model provided a better fit to the data (Figure 17, Table g). Barley

intederence reduced nutsedge growth to only 0.66 grams day-l. This marginal

increase in nutsedge shoot biomass, compared with the large increases in

nutsedge shoot biomass (17.8 g day-l) observed where there was no crop,

suggests that there was á strong reduction or completê lack of autotrophic growth

where nutsedge was grown with barley.

The barley crop also interfered with the production of nutsedge tubers. ln plots

where nutsedge was growing alone, net tuber production was sigmoidal with a

net increase of 3 151 tuber m-2. ln competition with barley, the nutsedge tuber

increase was limited to 168 lubers m-2 (Figure 17, Table g). Ihis represents a 1g

fold difference in reproductive potential. lt is noteworthy, however, that despite

the large reduction in both nutsedge shoot dry matter production and available

light penetrating the plant canopy in the cropped plots, a net ¡ncrease in tuber

number still occurred.

Both where nutsedge was growing alone and with the barley crop, the f¡nal tuber

weight was less than the initial tuber weight in the spring of 1 989 (Table 7). The

lower density of nutsedge in 1988 perm¡tted the formation of larger tubers;

however in 1989, barley interference resulted in lhe formation of smaller lubers of

lower individual weight (Table 7). This reduction in tuber size is important s¡nce

smaller tubers have been shown to be less cold tolerant (van Groenendael,

1988) and produce shoots with reduced vigor (Stoller et al., 1972; Stoller and

Wax, 1973). Nutsedge growing alone produced 7.8 tubers per gram of shoot



Table 7:. Eff_ecl of baley competition on yellow nutsedge groMh and luber producrion at
glerlea ¡n 1989. Values.presenled are th€ treatment mea:ns from lhe linal sampling date, 72
DAE. ('= 5lg¡i1¡ç¿¡1 ¿1 57.¡

Nutssdge - Net Tubers. Shodt Shoot Dry Tuber TuberOry tndividuâl perGrãmof
Assessment Density Manêr Density Maner Tubôr Wt Shoot

(no. m-2) (S m-2) (no. m:2) (S m.2) (S) (no. g-t )

lnitial

(o DAE)

No crop

(72 0AE)

Crop

(72 DAE)

101 I

416940't.7 4'17.7 0.101

302 34.ô 1186 100.5 0,085 4.9
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Table 8: Logistic parameter estimates (standard eÍror in Darenthesgs) for v€llow nutsedôe
shoot dry matter and tuber productìon with and w¡thout crôp interferen'ce. (Figure 17)

(AGRmax) (DAE)

acl4 ln b/c

No Crop (logistic)

Shoot 437(24.2\ 201(345)

Tubêr 3285(216) . 1070(1440)

0.1 63(0.051)

0.140(0.028)

0.86 17.81 32.54

0.92 115.0 49.8

Crop (linea0

ab
Shoot 1s.5(9.57) 0.66(0.22)

Tuber 29.5(104.9) 2.72(2.38)

R2

o.22

0.04
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biomass compared with 4.9 tubers per gram of shoot biomass when grown

together with barley (Table 7).

Nutsedge reduced crop dry matter production by approximatley 30% (Appendix

3). The barley affected nutsedge more than nutsedg€ atfected barley. Where

yellow nutsedge was growing with the barley, both rhizome and tuber dry matter

decreased later in the season, probably the result of decay (Figure 1B). ln the

cropped plols no nutsedge inflorescences were produced. ln total, barley caused

a 7-Íold reduction in total nutsedge biomass production, emphasizing the

importance of growing a competitive crop like barley in a yellow nutsedge conlrol

pr0gram.

The results of the intederence experiments compare well with results obtained

elsewhere. ln California, after one year of barley followed by one year of fallow,

the tuber population declined by 75% (Keeley et al., 1983). Other cropping

rotations such as potato/soybean and continuous cotton included herbicide

treatmenls and achieved similar results. Tuber numbers fell by 71 and 60% atter

one year and 99 and 98% atter three years, respectively. Growing alfalfa

conlinuously in California was as etfective as a barley/corn rotat¡on reducing

luber populations by 50% in the first year and by 95% of the original population

atler three years. On a three year basis these rotations proved to be more

effective than the barley/fallow combination which had 88% fewer tubers atter 3

years (Keeley et al., 1979). The common factor among all of the most effective

treatments is to maintain a continuous pressure on the weed in order to

effeclively reduce tuber populations. lntensive crop management can slrongly

reduce nutsedge growth and drastically impede tuber production.
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6. Summary and Conclusions

lnfestations of the pernicious weed, yellow nutsedge, have been identified in

Manitoba. Tubers of yellow nutsedge moved northward with Red River

floodwaters in the spring of 1979. lnvestigat¡ons into the geographical

distribution of yellow nutsedge in Manitoba determined that at least 2.1

infestalions now exist, all boidering the Red River. ldentification and isolation of

yellow nutsedge infestations ls key to preventing further spread of ihis weed.

Extension efforts have begun and must be continued to maintain awareness of

this weed in high risk areas, namely fields along the Red River south of

Winnipeg.

Since yellow nutsedge is an important weed in many parts of eastern Canada,

tubers from a population ol nuisedge in Harrow, ontario were collected and sent

to Manitoba for comparison purposes. yellow nutsedge populat¡ons from

Manitoba and ontario wer€ determined to be the same variety but dilferent

ecotypes. Plants from Manitoba prodúced twice as many tubers and onelhird as

many shoots as those from Ontario. From a single tuber planted in earty June,

3 400 tubers were produced by the Manitoba ecotype in a single growing season.

ontario plants appeared to require a longer growing season since they generally

¡nitiated growth processes such as tuber in¡tiation and maximum shoot production

laler than Manitoba plants. As a result of these and other ecotypic differences,

the Manitoba ecotype is a more prolific weed under Manitoba growing cond¡t¡ons.

since control is required prior to tuber formation, the Manitoba ecotype must be

controlled earlier in the growing season than the ontario ecotype. Determining
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when tuber formation occurs strongly impacts the choice of weed management

strateg¡es.

An additional .study was designed to compare the freezing tolerance of tubers

from the two ecotypes. This comparison revealed that in addition to

morphological ditferences, nutsedge ecolypes ditfered physiologically as well.

Lethal temperatures for the two ecotypes were determined lo be -15.0 and

-7.3 C for Manitoba and Ontario, respectively. This difference in freezing

tolerance reinforces the uniqueness of the two ecotypes. ln the field, no Ontario

tubers were seen to survive through winter confirming these differences.

Explorations into the freezing conditions in the field were critical to determine

whether tubers were avoiding or tolerating the cold temperatures. Tubers lrom

the Manitoba ecotype were stored at several soil depths through a winter and

evaluated for survival. Tubers that were exposed to a greater number of degree

days below -12.5 C responded with lower viability.. Regardless of the soil depth,

at least 30% of the tubers lost viability through the winter. Tubers of yellow

nutsedge in Manitoba are capable of overwintering not by avoidance but by

tolerance of the freezing temperatures. Freezing tolerance of tubers clearly

indicates that yellow nutsedge can potentially survive in areas as cold or colder

than southern Manitoba.

Having established the morphological charact€ristics and resulting potential

economic importance of this weed, att€ntion was also direcled to control.

Cultivation is an imporlant component of perennial weed control programs.

Cullivation exposes tissues that are normally unavailable to desiccat¡on and

starvation conditions. Tubers of yellow nutsedge were evaluated for tolerance to
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desiccation in order to determine the effectiveness ot tillage. The rate of

desiccation was confirmed as the most important determinant of tuber viability.

Rapid desiccation caused greater mortality in yellow nutsedge tubers. Tuber

moisture content after desiccation was not related to tuber viability. Tubers of

yellow nutsedge were very tolerant of desiccation suggesting that tubers located

on or near the soil surface would be more susceptible to mortality than would

tubers buried deeper in the soil.

Unfortunately, lhe technique used to evaluate desiccation tolerance cannot be

directly related to lield conditions. ln order to maximize the use of this technique

it must be developed further to relate to conditions in the lield. This was beyond

the scope ef this project but should be considered in future research.

Yellow nutsedge is a very shade intolerant plant and grows poorly in a
competil¡ve environment. Barley, a crop commonly grown in Manitoba, was

grown together with yellow nutsedge to evaluate crop compet¡tion on nutsedge

grovvth. Within three weeks atter em€rgence light penetrat¡on in the plots where

nutsedge was growing with barley was limited lo 14o/o of the incident radiation

compared with 87% where nutsedge was growing alone. Nutsedge growth

reflected these larg€ ditferences in light penetrat¡on. Where nutsedge was

growing alone, nutsedge accumulaled seven times more biomass than where

ihere was crop. Similarily, where nutsedge was grown in the absence of barley,

18 fold more tubers were produced than where there was barley. Despite the

influence of the barley crop on nutsedge growth and tuber production, intensive

crop competit¡on did not prevent a marginal net increase in tuber production.

Crop competition can and should be used ¡n a yellow nutsedge control program.

This control practice requires fudher development to maximize its potential.
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Unfortunately, light penetration was the only component of crop intederence that

was measured. lt would have been useful to measure water and nutr¡ent

availability in each plot and the influence of different seeding densities of both

crop and weed (replacement series design). Determining which component of

intederence most effectively reduced nutsedge growth would assist in selection

of other competitive crops.

These investigations have provided a good understanding of how nutsedge

plants grow and are able to survive under Manitoba growing conditions.

Eradication of this weed will be ditficult but possible with continued attention. The

harsh climate of Manitoba can contribute to the control of this weed if good

management is used. Provlded that the weed does not spread, it should not

become a major agronomic weed in Manitoba but rather a remain a serious local

concern.
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Appendix 1

Name and Address Locatlon Size

1. Barnabe Bros. R.L. 95 2-3 acres
Box 2þ9
Letellier, MB.
RoG 1C0
737-2339

2. Mr. D. Houle R.L. 108, 110 1-2 acres
Box 313
Letellier, MB.
RoG 1C0
737-2386

3. Mr. B. Cadieux R.L. 121 Soottv over
Box 345 20 ac'res.
Letelleir, MB
RoG 1C0
737-2635 or 737-2319

4. Mr. G. Fontaine R.L. 181-179 patches
Fontaine Farms covering one
Lettelier, MB half acré.
RoG 1C0
737-2398

5. Mr. R. Fillion R.L. 191, 193 3 patches

BiiSlÎ Bapriste, MB. 5d sq'tt'

ROG 2BO
758-3484

6. Mr. P. Sabourin R.L. 195-197
Sabourin Seeds Ltd.
St. Jean Baptiste
ROG 2BO
758-3595

7. Mr. R. Manikel R.L.21S
St.Jean Baptiste, MB
ROG 2BO
758-3543

B. Mr. A. Sabourin R .L. Z17, Z1g patches
Box 340 covering 1

St. Jean Baptiste, MB. acre.
ROG 2BO
758-3595 or737-2202



9.

10.

St. Jean Baotisle Park
St. Jean aaþtiste, VA

Mr. A. DeOruyenaere
Box 48
St. Adolphe, MB.
ROA 1SO
882-2388

Lorandon Farms
Box 612
Morris, MB.
ROG 1KO
758-3531

Mr. G. Marion
Box 297
St. Jean Baptiste, MB.
ROG 2BO
758-3885

Mr. R. Lafond
Box273
St. Jean Baptiste, MB.
ROG 2BO
758-3937

Mr. R. Marion
Mr. G. Marion
St. Jean Baptiste, MB
ROG 2BO
758-3491 or 758-3463

Mr. G. Vermette
Box 164
St. Jean Baptiste, MB.
746-8227

Mr. C. Vermette
Box 102
Morris, MB.
ROG 1KO
746-8372

Mr. A. Snarr
Box 58
Morris, MB.
ROG 1KO
746-8598

R.L.241

R.L. 248

R.L. 259, 261
325-331

R.L. 264

R.L.278,276.5

R.L.280-282
284

R.L. 285

R.L. 299, 301

R.1.383,381,
379

84

Small oatches
along èdge
of river.

20 sq foot
palch.

Small
patches f rom
St. Jean to
Monis.

Patches
covering 5
acres along
the river.

One half
acre patch
and smaller
patches
covering 50
acres.

Patches
covering 5
acres.

3 - 4 spots
5-6 sq.ft.

1500 sq.ft.
on each lot

15-20 small
patches.

11.

12.

13.

14.

15.

17.



18.

19.

21 .

Mr. M. St. Onoe
Aubigny, MB,-
RoG 0c0
882-2380

Mr. J. Blatta
Ste. Agathe, MB
ROG 1YO
882-2110

Glenlea Research Station
University of Manitoba

Mr. E. Zylema
4176 St. Mary's Rd.
Winnipeg, MB.

R.L. 461

R.L. 490

R.1.189

85

Various sized
patches
covering 20
acres.

Small
patches at
rivers edge.

0.5 acre

1 acre



APPENDIX 2

Fungicide Treatment of Tubers

lntroductlon

Preliminary research on the influence of various physiological stresses on tuber

viability were unsuccessful since tuber viability determination was rapidly

confounded by fungal invasions. A soaking treatment similar to lhat described by

Shurlletf, (1966) was used on tubers to remove the fungal pathogens. These

treaiments were required for all tuber desiccation and freezing trials conducted.

The objectives for this experiment were to first, determine the effectiveness of the

fungicides on controlling fungal growth and secondly, lo determine lhe influencê

of the fungicides on tuber viab¡lity.

Materials and Methods

Tubers were placêd in 1500 ml flasks with a 1100 ml of ireatment solul¡on. The

treatment solution contained 2.25 g captan and 0.98 g Benomyl (S0% wp).

Tubers were soaked for 1, 3 and 24 hours in this treatment solution that was

stirred continuously. Untreat€d controls were placed in water for equivalent

times. After the fungicide treatment, tubers were allowed to dry to 65% of their

original weight to simulate a desiccation treatment. Viability was assessed using

the technique prescribed by Yip (1978) and Stoller (1979). Tubers were

incubated for a period of 6 weeks al22 C during which time sprouted tubers were

removed and the remaining tubers were cut in half and dormant and dead tubers

were seperated based on the hardness and color of the tissue inside. Wh¡te hard

lissue was associated with dormant viable tubers and yellow lo brown, sott tubers

were nonviable.



Each treatment had five replications with 10 tubers per treatment. The data were

analyzed using Duncan's multiple range test at the S% level of significance.

Results and Discussion

The fungicide was equally effective among all treatments for controlling fungal

growth on the tubers. Tuber viability was not affected by the desiccat¡on

treatment and no significant difference in tuber viability was observed between

the fungicide treatments.

Treatmê nt

Untreated - t hour

Untreated - 3 hour

Unlreated -24hour

Treated - t hour

Treated - 3 hour

Treated -24hour

Percent Viable

95a

96a

91, a

92a

99a

96a

Although no significant ditferences were observed the greatest percent viable

was observed in the 3 hour treatment with fungicide. Thls treatment was chosen

for use in all subsequent experiments.
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Appendíx 3

lnfluence of nutsedge interference on barley dry matter production. Values are

the means ol eight replications.

Barley Dry Matler Production

- Nulsedgg
grams m- |

+ Nutsedge
grams m- |

0

18

36

54

72

0

104.4

703.7

1 101.0

848.9

0

80.8

449.4

785.4

589.1


