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Cogongrass is a noxious perennial grass that has invaded many countries in the
tropical and subtropical regions of the world. Its management has been a significant
challenge because of large rhizome and bud reserves in the soil. The emergence
pattern of this weed under field conditions has received little attention. Field trials
were conducted in 2002 and 2003 in the humid forest zone of southeastern Nigeria
to model shoot emergence. The experiment had four treatments: (1) count and tag
crop-free cogongrass shoots, (2) count and suppress crop-free cogongrass shoots with
paraquat, (3) count and cut crop-free cogongrass shoots, and (4) count and cut
cogongrass shoots in cultivated corn. The rationale for these treatments was to de-
termine the effect of different monitoring techniques on shoot emergence of cogon-
grass. The development of the model was based on hydrothermal time, which was
calculated from soil moisture and soil temperature at a 2-cm depth. A Weibull
function was fitted to cumulative percent shoot emergence values of Treatment 4
and hydrothermal time. The model closely fit the observed pattern of cogongrass
shoot emergence (r2 5 0.95, n 5 36). It also predicted shoot emergence satisfactorily
in six treatments (r2 . 0.85, P , 0.001, n 5 7 in each treatment) that simulated
farmers’ practices in southwestern Nigeria. This is the first model developed for
cogongrass shoot emergence based on hydrothermal time under field observations.
The model should facilitate further analyses of cogongrass emergence patterns and
the timing of its management.

Nomenclature: Paraquat; cogongrass, Imperata cylindrica (L.) Beauv. IMPCY; corn
(maize), Zea mays L.

Key words: Hydrothermal time, model, shoot emergence, soil moisture, soil tem-
perature, tropical weed.

Cogongrass is a C4 perennial grass that has invaded many
countries in the tropical and subtropical zones of the world
(Dozier et al. 1998; Holm et al. 1977). Although it pro-
duces seeds, rhizomes are its primary mechanism for local
regeneration and spread (Dozier et al. 1998). It affects sev-
eral crops including plantation crops, orchards, and grazing
lands (Chikoye et al. 2000; Jose et al. 2002). In Asia, co-
gongrass has been shown to retard the growth of rubber
[Hevea brasiliensis (Willd. ex Adr. Juss.) Muell. Arg.] up to
96% within a period of 5 yr (Soedarsan 1980). In West
Africa, yield losses of 62 to 80% have been reported in corn
and cassava (Manihot esculenta Crantz) infested with cogon-
grass (Akobundu and Ekeleme 2000; Chikoye et al. 2001;
Koch et al. 1990; Udensi et al. 1999).

Although the use of planted tree and herbaceous fallow,
selected herbicides, and tillage (Anoka et al. 1991; Avav
2000; Chikoye and Ekeleme 2003; Chikoye et al. 2002;
MacDicken et al. 1997; Terry et al. 1997; Udensi et al.
1999) has been shown to suppress cogongrass, long-term
control remains unsuccessful because of large rhizome and
bud reserves in the soil. Traditionally, most farmers (82%)
in developing countries, especially in West Africa, depend
on manual practices such as hand hoeing or slashing to
manage the weed. These management practices usually are
repeated three to five times in one growing season to obtain
an economic yield (Chikoye et al. 1999, 2002). Even in
circumstances where tree or herbaceous species are used to
smother the weed, two to three weedings after planting are

often required for the fallow species to establish (Chikoye
and Ekeleme 2003; Versteeg and Koudokpon 1990). Com-
peting seasonal labor demands often result in delayed man-
ual weeding and cause crop yield losses. Repeated tillage plus
herbicide application has been suggested for longer term
control (Dozier et al. 1998), but this may not be a viable
option for many small-scale farmers because of financial
constraints (Chikoye et al. 1999). Also, in large-scale farms,
the nonselective herbicides, imazapyr and glyphosate, which
suppress cogongrass temporarily (Craig et al. 2003; Miller
2000), are inappropriate in established crops. One approach
to improve cogongrass control would be to better under-
stand its biology, especially its emergence behavior in
cropped fields. Effective cogongrass management should in-
tegrate existing control options with knowledge of field
emergence patterns. Currently, very little information exists
on seed germination or shoot emergence characteristics of
this weed (Mohamad et al. 1989; Tripathi and Amal 1995;
Wilcut et al. 1988).

Several studies have demonstrated the effect of early emer-
gence of weeds relative to the crop on yields (Chikoye et al.
1995; Knezevic et al. 1997; Moechnig et al. 2003). For
example, Knezevic et al. (1997) reported that the time of
redroot pigweed (Amaranthus retroflexus L.) emergence rel-
ative to sorghum [Sorghum bicolor (L.) Moench] leaf stage
was critical for the outcome of sorghum–pigweed competi-
tion because significant sorghum yield losses occurred when
redroot pigweed emerged before the crop’s five-leaf stage.
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Moechnig et al. (2003) associated corn yield loss to early
emergence of common lambsquarters (Chenopodium album
L.) relative to corn emergence. Early emergence of large
crabgrass (Digitaria sanguinalis L.) and redroot pigweed in
peppers (Capsicum spp.) substantially reduced fruit produc-
tion compared with later emerging weeds (Ashley 1999).

Most of these studies have concentrated on annual weed
species. One crucial step to controlling cogongrass in crop
would be to understand its field emergence pattern. Farmers
need to know the timing and extent of weed shoot emer-
gence before and during the growing season. Such knowl-
edge would enable farmers to allocate weed management
resources more efficiently and more likely achieve sustain-
able cogongrass control.

A number of models for predicting weed emergence pat-
terns of some weed species have been developed (Forcella
1998; Grundy and Mead 2000; Oryokot et al. 1997a,
1997b; Roman et al. 2000). The first-generation models for
predicting weed emergence were based on the concept of
thermal time or growing degree days (Alan and Wiese 1985;
Bewick et al. 1988). With this model, mean daily air or soil
temperatures are accumulated until emergence occurs. Sa-
torre et al. (1985) were the first to accomplish this for a
perennial weed, johnsongrass [Sorghum halenpense (L.)
Pers.]. Recent weed emergence models are based on the con-
cept of integrating soil water potential and soil temperature,
i.e., hydrothermal time (Forcella 1998; Grundy 2003; Ro-
man et al. 2000), and these models have achieved some level
of success (Forcella et al. 2000). However, most of the mod-
els developed to understand and predict weed emergence are
for temperate annual weed species. Very little has been pub-
lished on emergence prediction of tropical weeds, especially
perennial species. In fact, whether the major variables af-
fecting emergence, such as soil temperature, in tropical spe-
cies are the same as those in temperate species is not yet
known. Currently, very little information exists on the shoot
emergence characteristics of perennial weeds. Consequently,
there are both practical and basic scientific reasons to un-
derstand field emergence patterns of cogongrass.

The objective of this study was to model field emergence
patterns of cogongrass and to validate the model against
emergence data from selected cropping systems.

Materials and Methods

Field Experiments Used for Model Development

Cogongrass shoot emergence data used for developing the
model were collected in 2002 and 2003 from a field infested
with natural populations of cogongrass at Umudike, south-
eastern Nigeria (58229N, 78309E). Umudike is located in the
humid forest zone with 2,351 mm average annual rainfall
and 27 C annual mean temperature. The soil is sandy clay
loam (Dystric Luvisol; 77% sand, 12% clay, 11% silt, ,
1% organic matter, 5.7 pH). The experimental site had been
under cogongrass fallow for 2 yr before it was cultivated in
2002. The experiment was established as a randomized com-
plete block design, with four treatments, the first three of
which were crop free: count cogongrass shoots and tag,
count and remove cogongrass shoots, count and spray shoots
with paraquat at 0.45 kg ai ha21, and count and remove
cogongrass shoots in corn. The rationale for using these
treatments was to determine whether the monitoring tech-

nique (i.e., shoots left intact or removed) affects subsequent
shoot emergence in cogongrass. Each plot was slashed man-
ually and hoe tilled (, 10-cm soil depth) on April 5 and 6,
2002, and March 28 and 29, 2003. Each plot measured 4
by 6 m and was separated by a 1.5-m alley from adjacent
plots. Corn was sown on April 8, 2002, and March 30,
2003, at a density of 40,000 plants ha21 in rows that were
100 cm apart and at a within-row spacing of 25 cm. Fer-
tilizer was applied at the rate of 90 kg N ha21 (45 kg NPK
at planting and 45 kg N urea at 6 wk after planting). All
treatments had four replications.

Shoot emergence was monitored in four 50- by 50-cm
permanent quadrats in each plot, and percent cumulative
cogongrass shoot emergence for each experiment-year was
calculated and normalized to 100% for each plot. Seedlings
of other weed species in the quadrats were removed. Each
plot was weeded four times, with the exception of the quad-
rats, to prevent cogongrass–corn competition. Cogongrass
assessment was done weekly starting on April 15, 2002, and
April 7, 2003. Daily air temperature and rainfall data were
collected from the National Root Crop Research Institute
Meteorological Station located close to the experimental site.

Model Development
Soil moisture and soil temperature were simulated at five

depths (2, 4, 5, 10, and 15 cm) with the simultaneous heat
and water (SHAW) model (Flerchinger 2000). These depths
were chosen because cogongrass rhizome and bud reserves
extend deeply in soil (Anoka et al. 1991; Tominaga et al.
1989), and the best soil depth for modeling purposes was
not known. Daily maximum and minimum air temperature,
dew point, wind run, rainfall, and solar radiation were used
as microclimate input variables in the SHAW model. Soil
physical input variables used in the model were clay 12%,
sand 77%, silt 11%, organic matter 0.42%, and bulk den-
sity 1.1 g cm23. In the model, initial soil temperature and
water content were set at 30 C and 0.01 cm3 cm23, respec-
tively.

The development of the emergence model was based on
the hydrothermal time (uHT) concept, defined as an inte-
gration of hydrotime (uH) and thermal time (uT). Hydro-
thermal time is described more formally (Roman et al.
2000) as:

u 5 (C 2 C )(T 2 T ),HT b b [1]

where uH 5 1 when C . Cb otherwise uH 5 0; uT 5 T
2 Tb when T . Tb otherwise uT 5 0. Soil water potential
is represented by C, Cb is base soil water potential, T is
temperature, and Tb is base temperature.

Tb (25 C) and Cb (20.01 MPa) were determined by
iterating a set of temperatures (20 to 30 C, at 1 C intervals)
and water potentials (20.10 to 20.01 MPa, at 0.01 MPa
intervals) in Equation 1 until there was a maximal fit be-
tween hydrothermal time and percent cumulative emergence
for each of the experiment-years. The temperature and water
potential values used in the iterations were based on (1)
monthly air temperature ranges at the experimental site and
(2) earlier controlled germination studies on cogongrass
(Tripathi and Amal 1995; Wilcut et al. 1988). In growth
chamber studies, these authors found that cogongrass seeds
germinate at 32.6 to 36.2 C (within April to September),
whereas rhizomes sprouted at day/night temperature regi-
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mens of 30/25 C and 27/22 C. Hydrothermal time was
accumulated for each experiment-year as:

i

u 5 u u [2]OHT H T
d51

Hydrothermal time started accumulating on March 11,
2002, and February 21, 2003, the dates of full soil tillage
before crop planting. To predict the pattern of shoot emer-
gence, the percent cumulative emergence values were fitted
to the Weibull function:

cY 5 M [1 2 exp(2 k (u 2 z) )],HT [3]

where Y is the cumulative percent emergence at hydrother-
mal time (uHT), M is the asymptote (theoretical maximum
for Y normalized to 100%), k is the rate of increase, z is
the lag phase, and c is a curve shape parameter. For esti-
mation purposes, k was parameterized as k 5 (1/a)c. The
parameters (a and c) in the Weibull function were estimated
by a nonlinear regression procedure (PROC NLIN) that
used the Gauss–Newton algorithm in SAS (1995). The
function was initialized with k and c set to 0.001 and 1.95,
respectively. The Weibull function was chosen in preference
to similar equations (e.g., logistic) because it does not as-
sume symmetry on either side of a midpoint (i.e., 50%
emergence) and there is no obvious biological reason to pre-
sume such symmetry for shoot emergence.

Model Evaluation in Ibadan

Cogongrass shoot emergence values were collected from
a research-managed on-farm trial that started in 1996 and
continued through 2000 on a site heavily infested and aban-
doned to cogongrass at Ibadan, southwestern Nigeria
(78359N, 38559E). Mean annual rainfall is between 1,200
and 1,500 mm, whereas annual mean temperature is 26 C.
Soil type at the experimental site was sandy loam (Oxic
Paleustalf ) with 86% sand, 5% clay, 8% silt, 0.67% organic
matter, and pH 6.5. Chikoye and Ekeleme (2003) described
in detail the cropping history and part of the experimental
design. In this analysis only shoot emergence values collect-
ed in 1998 were used because the assessment period was
much longer than those in other experimental years. In
1998, there were three main-plot treatments: corn, cassava,
and corn–cassava intercrop. Selected cover crops and two
hand-weeding regimens (weeded twice and weeded five
times) were the subplot treatments. Hand-weeded treat-
ments were used in the analysis. These treatments were used
because they simulated the farmers’ cogongrass management
practices in the region.

Subplot size was 5 by 10 m, and each was replicated four
times. Corn and cassava were planted at 40,000 and 10,000
plants ha21, respectively. Fertilizer was applied at the rate of
90 kg N ha21 (45 kg NPK at 2 wk after planting and 45
kg N urea at 6 wk after planting). Each plot was tilled.

Cogongrass shoot emergence was assessed every 3 to 4 wk
starting on May 4 in four 50- by 50-cm quadrats in each
subplot. Cogongrass shoots in each quadrat were counted
and clipped at ground level. Each quadrat was relocated to
another point in the plot in subsequent assessments.

Results and Discussion

Field Observations for Emergence Model
Development

Cogongrass shoot emergence in Umudike was low at the
onset of monitoring in April. Cumulative emergence rose to
50% within 5 wk, at about 38 uHT, in all the treatments
in 2002 (Figures 1a–c), except in the count and tag treat-
ment, where about 50 uHT elapsed (Figure 1d). The rate of
shoot emergence was different in 2003 compared with that
in 2002. For example, 50% shoot emergence occurred much
earlier, within 3 wk, at 19 uHT, in count and tag treatment
(Figure 1h). In the other treatments, where cogongrass
shoots were either sprayed with paraquat or physically re-
moved after counting, 50% shoot emergence was reached
within 10 wk, at 47 uHT, in 2003 (Figures 1e–g). We at-
tributed this trend in emergence to tillage effects, i.e., the
two tillage operations occurring by 2003 may have affected
the distribution of rhizome reserves in the soil, thereby re-
sulting in a slower rate of emergence in 2003. Several au-
thors have shown that repeated tillage suppresses cogongrass
(Akobundu and Ekeleme 2000; Anoka and Froud-Williams
1995; Dozier et al. 1998). Furthermore, tillage fragments
rhizomes into small sections that have reduced vigor or die
if exposed at the soil surface. Rhizome fragments lose via-
bility readily on drying (Ivens 1980). In each experiment-
year, the pattern of shoot emergence was similar except in
treatments where cogongrass was counted and allowed to
grow (Figures 1d and 1h). The presence of corn also did
not have any significant influence on the pattern of shoot
emergence in either year (Figures 1a and 1e). This result
supports the finding of Roman et al. (2000) for an annual
temperate species.

In summary, 50% emergence of shoots, in treatments
where shoots were removed after counting, consistently oc-
curred between 38 and 47 uHT. In contrast, where shoots
were allowed to grow, 50% emergence was delayed in 2002
but accelerated in 2003 relative to other treatments. These
differences in emergence patterns may reflect the effects of
canopy shading and soil water use by intact cogongrass
plants, variables for which we cannot account in our current
simulations of uHT.

At Ibadan, the presence of corn, cassava, or corn–cassava
did not influence the pattern and magnitude of shoot emer-
gence (Figure 2). No definite trend was associated with
main-plot treatment (crop type) or weeding regimen. How-
ever, up to 25% shoot emergence occurred within 8 wk after
crop planting at 20 uHT, except in cassava plots weeded five
times. In this latter treatment, 25% shoot emergence oc-
curred within 9 wk after crop planting at 20 uHT. In all
treatments and both years, 50% emergence occurred at
about 27 to 30 uHT. Complete shoot emergence occurred
at , 65 uHT at both locations.

Hydrothermal time at soil depths lower than 2 cm was
unable to describe shoot emergence accurately when com-
paring between years. This conclusion is illustrated in Figure
3 through comparisons of emergence (dependent variable)
for 2002 and 2003, with uHT (independent variable) cal-
culated at soil depths of 2, 4, 5, 10, and 15 cm. At depths
greater than 2 cm, observed emergence relationships for
2002 and 2003 appeared unique. However, when emergence
was plotted against uHT at 2-cm soil depth, the data for
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FIGURE 1. Cumulative hydrothermal time at 2-cm soil depth and cumulative percent shoot emergence of cogongrass in 2002 and 2003 at Umudike,
southeastern Nigeria. For calculating hydrothermal time, base soil temperature and base soil water potential were set at 25 C and 20.01 MPa, respectively.
Cogongrass shoot emergence was monitored by counting and removing shoots in corn (a, e), counting and removing shoots in crop-free plots (b, f ),
counting and suppressing shoots with paraquat in crop-free plots (c, f ), and counting and tagging intact shoots in crop-free plots (d, g).

FIGURE 2. Cumulative hydrothermal time at 2-cm soil depth and cumulative percent shoot emergence of cogongrass in 1998 at Ibadan, southwestern
Nigeria. Cogongrass shoot emergence was monitored in corn, cassava, and a corn–cassava mixture. Each crop was weeded two or five times.

both years merged into an apparent single relationship more
so than at any alternative depth. This result suggests that
although large rhizome and bud reserves in the soil extend
down to a 30-cm depth (Anoka et al. 1991; Tominaga et
al. 1989), the 2-cm depth might be the appropriate depth
to study and model cogongrass emergence. The reason for
this is that shoot emergence of cogongrass tends to be suc-

cessful only from rhizomes buried within the top few cen-
timeters of the soil (Mohamad et al. 1989; Wilcut et al.
1988). For example, in a growth chamber study, cogongrass
shoot emergence was highest for rhizomes buried at 2- to
4-cm soil depth, decreased to 17% for rhizomes buried at
8-cm depth, and was absent for rhizomes buried at 16-cm
depth (Wilcut et al. 1988). These studies also showed that
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FIGURE 3. Cumulative percent shoot emergence of cogongrass as a function of hydrothermal time at different soil depths at Umudike, southeastern Nigeria.
Note that only when hydrothermal time at 2-cm depth is accumulated do the data from 2002 and 2003 merge, indicating that hydrothermal time at 2-
cm depth may be a better predictor of emergence than hydrothermal times calculated from other soil depths.

FIGURE 4. The distribution of cogongrass shoot emergence with hydrother-
mal time at Umudike in 2002 and 2003 fitted to a Weibull function. For
calculating hydrothermal time, base soil temperature and base soil water
potential were set at 25 C and 20.01 MPa, respectively.

emergence started after 30 d for rhizome sections buried at
2-cm depth.

Model

Cogongrass shoot emergence was described accurately by
the emergence curve from the 2-cm soil depth hydrothermal
time model (Figure 4). Predicted shoot emergence values
and field emergence observations were correlated signifi-

cantly (r2 5 0.95, n 5 36). Shoot emergence in the treat-
ment sown to corn was used to fit the model because it
represented the practice used by the majority of farmers in
southwestern Nigeria. The model predicted 50% shoot
emergence at 37 uHT. This prediction agreed with field
emergence in 2002 (0 to 35 d after crop planting). In 2003,
50% shoot emergence was reached at 47 uHT (0 to 70 d
after crop planting) in a similar treatment. An emergence
level of 85% was predicted at 50 uHT, and this agreed with
field observations in both years.

Model Evaluation

The model was evaluated against shoot emergence data
sets from six different treatments that simulated farmers’
practices in the region. The cumulative emergence values
from each treatment were regressed against the predicted
values. The regression coefficients were used to test how
good the predicted values fit observed field emergence. The
model predicted shoot emergence closely in all six treat-
ments tested (r2 . 0.85, P , 0.001, n 5 7 each treatment)
(Figure 5). Canopy density and closure varied with the type
of crop planted (F. Ekeleme, personal observation), but the
model fit to the observed field emergence was similar in all
treatments irrespective of crop type or number of weedings.

Our results represent the first model developed for co-
gongrass shoot emergence based on soil hydrothermal time
and field observations in humid tropical environments. Be-
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FIGURE 5. Simulated and observed cogongrass shoot emergence at Ibadan in (a) corn weeded twice, (b) corn weeded five times, (c) corn–cassava weeded
twice, (d) corn–cassava weeded five times, (e) cassava weeded twice, and (f ) cassava weeded five times.

cause its simulations were evaluated against six independent
data sets and agreed relatively closely with them, the follow-
ing can be concluded. (1) Shoot emergence of this tropical,
rhizomatous, and perennial plant appears to respond to hy-
drothermal time in the same general fashion as temperate
plants. Although the estimated base soil temperature (25 C)
and base soil water potential (20.01 MPa) for cogongrass
shoot emergence are higher than those of many temperate
species, the process of modeling shoot emergence of tropical
species probably does not differ from that of temperate
plants. (2) The model seems to have some merit; conse-
quently, it may have the potential to aid further analyses of
cogongrass emergence patterns. (3) Accurate simulation of
cogongrass shoot emergence should facilitate new weed con-
trol experiments, such as hand hoeing or herbicide appli-
cation at predetermined levels of shoot emergence. This
might ultimately lead to new and practical recommenda-
tions regarding the best times for sustained control of co-
gongrass in farming systems of the humid tropics.

Acknowledgments
The authors thank the USDA/FAS/ICD/Research and Scientific

Exchange Division for providing funds for this project and USDA-
ARS Soils Laboratory, Morris, MN, for hosting F. Ekeleme during
the period of this project.

Literature Cited
Akobundu, I. O. and F. Ekeleme. 2000. Effect of method of Imperata

cylindrica management on corn grain yield in the derived savanna of
southwestern Nigeria. Weed Res. 40:335–341.

Alan, L. R. and A. F. Wiese. 1985. Effects of degree-days on weed emer-
gence. Page 448 in Proceedings of the Southern Weed Science Society,
38th Annual Meeting. Raleigh, NC: SWSS.

Anoka, U. A., I. O. Akobundu, and S.N.C. Okonkwo. 1991. Effect of
Gliricidia sepium (Jacq.) Steud and Leucaena leucocephala (Lam.) de
Wit on growth and development of Imperata cylindrica (L.) Raeuschel.
Agric. Syst. 16:1–12.

Anoka, U. A. and R. J. Froud-Williams. 1995. Aspects of Cultural control
of speargrass (Imperata cylindrica var. Africana). Pages 169–174 in Pro-
ceedings of the Brighton Crop Protection Conference—Weeds. Farn-
ham, UK: British Crop Protection Council.

Ashley, R. A. 1999. Action thresholds for weeds in peppers. Pages 343–
344 in Proceedings of New England Vegetable and Berry Growers
Conference and Trade Show. Portland, ME: NEVBG.

Avav, T. 2000. Control of speargrass (Imperata cylindrica [L.] Raeuschel)
with glyphosate and fluazifop-butlyl for soybean (Glycine max [L.]
Merr.) production in savanna zone of Nigeria. J. Sci. Food Agric. 80:
193–196.

Bewick, T. A., L. K. Binming, and B. Yandell. 1988. A degree-day model
for predicting the emergence of swamp dodder in cranberry. J. Am.
Soc. Hortic. Sci. 113:839–841.

Chikoye, D. and F. Ekeleme. 2003. Cover crops for cogongrass (Imperata
cylindrica) management and effects on subsequent corn yield. Weed
Sci. 51:792–797.

Chikoye, D., F. Ekeleme, and J. T. Ambe. 1999. Survey of distribution and
farmer perceptions of speargrass [Imperata cylindrica (L.) Raeuschel] in
cassava-based systems in West Africa. Int. J. Pest Manag. 45:305–312.

Chikoye, D., F. Ekeleme, and U. E. Udensi. 2001. Cogongrass suppression
by intercropping cover crops in maize/cassava cropping systems. Weed
Sci. 49:658–667.

Chikoye, D., V. M. Manyong, R. J. Carsky, F. Ekeleme, G. Gbehounou,
and A. Ahanchede. 2002. Response of speargrass (Imperata cylindrica)
to cover crops integrated with handweeding and chemical control in
maize and cassava. Crop Prot. 21:145–156.

Chikoye, D., V. M. Manyong, and F. Ekeleme. 2000. Characteristic of
speargrass (Imperata cylindrica) dominated fields in West Africa: crops,
soil properties, farmer’s perceptions and management strategies. Crop
Prot. 19:481–487.



Ekeleme et al.: Cogongrass emergence • 967

Chikoye, D. S., S. F. Weise, and C. J. Swanton. 1995. Influence of common
ragweed (Ambrosia artenissiifolia) time of emergence and density on
white bean (Phaseolus vulgaris). Weed Sci. 43:375–380.

Craig, L. R., J. Shibu, D. L. Miller, J. Cox, K. M. Portier, D. G. Shilling,
and S. Merritt. 2003. Cogongrass [Imperata cylindrica (L.) Beauv.]
response to herbicides and disking on a cutover site and in a mid-
rotation pine plantation in southern USA. For. Ecol. Manag. 179:
195–207.

Dozier, H., J. F. Gaffney, S. K. McDonald, E.R.R.L. Johnson, and D. G.
Shilling. 1998. Cogongrass in the United States: history, ecology, im-
pacts and management. Weed Technol. 12:737–743.

Flerchinger, G. N. 2000. The Simultaneous Heat and Water (SHAW) Mod-
el: User’s Manual. Technical Report NWRC 2000-10. Boise, ID:
USDA-ARS. 24 p.

Forcella, F. 1998. Real-time assessment of seed dormancy and seedling
growth for weed management. Seed Sci. Res. 8:201–209.

Forcella, F. R., L. Benech-Arnold, R. Sanchez, and C. M. Ghersa. 2000.
Modeling seedling emergence. Field Crops Res. 67:123–139.

Grundy, A. C. 2003. Predicting weed emergence: a review of approaches
and future challenges. Weed Res. 43:1–11.

Grundy, A. C. and A. Mead. 2000. Modeling weed emergence as a function
of meteorological records. Weed Sci. 48:594–603.

Holm, L. G., D. L. Plucknett, J. V. Pancho, and J. P. Herberger. 1977.
The World’s Worst Weeds: Distribution and Biology. Honolulu, HI:
University Press of Hawaii. Pp. 62–71.

Ivens, G. W. 1980. Imperata cylindrica (L.) Beauv. West Afr. Agric. Biotrop.
Spec. Publ. 5:149–156.

Jose, S., J. Cox, D. L. Miller, D. G. Shilling, and S. Merritt. 2002. Alien
plant invasions: the story of cogongrass in southeastern forests. J. For.
100:41–44.

Knezevic, S. Z., M. J. Horak, and R. L. Vanderlip. 1997. Relative time of
redroot pigweed (Amaranthus retroflexus L.) emergence is critical in
pigweed-sorghum [Sorghum bicolor (L.) Moench] competition. Weed
Sci. 45:502–508.

Koch, W., F. Grossmann, A. Weber, H. J. Lutzeyer, and I. O. Akobundu.
1990. Weeds as components of maize/cassava cropping systems. Pages
283–298 in Standortgemaesse Landwirtschaft in West Africa. Stutt-
gart, Germany: Universitaet Hohenheim.

MacDicken, K. G., K. L. Hairiah, A. Otsamo, B. Duguma, and N. M.
Majid. 1997. Shade based control of Imperata cylindrica: tree fallows
and cover crops. Agrofor. Syst. 36:131–149.

Miller, J. H. 2000. Refining rates and treatment sequences for cogongrass

(Imperata cylindrica) control with imazapyr and glyphosate. Proc.
South. Weed Sci. Soc. 53:131–132.

Moechnig, M. J., D. E. Stoltenberg, C. M. Boerboom, and L. K. Binning.
2003. Empirical corn yield loss estimation from common lambsquart-
ers (Chenopodium album) and giant foxtail (Setaria faberi) in mixed
communities. Weed Sci. 51:386–393.

Mohamad, R. B., M. Z. Ahmad, and R. A. Halim. 1989. Regeneration of
Imperata cylindrica (L.) Raeuschel rhizome fragments of different
lengths from various depths in soil. Pertanika 12:137–142.

Oryokot, J.O.E., L. A. Hunt, S. D. Murphy, and C. J. Swanton. 1997a.
Simulation of pigweed (Amaranthus spp.) seedling emergence in dif-
ferent tillage systems. Weed Sci. 45:684–690.

Oryokot, J.O.E., S. D. Murphy, and C. J. Swanton. 1997b. Effect of tillage
and corn on pigweed (Amaranthus spp.) seedling emergence and den-
sity. Weed Sci. 45:120–126.

Roman, E. S., S. D. Murphy, and C. J. Swanton. 2000. Simulation of
Chenopodium album seedling emergence. Weed Sci. 48:217–224.

[SAS] Statistical Analysis Systems. 1995. SAS User’s Guide: Statistics. Cary,
NC: Statistical Analysis Systems Institute. 956 p.

Satorre, E. H., C. M. Ghersa, and A. M. Pataro. 1985. Prediction of Sor-
ghum halapense (L.) Pers. rhizome sprout emergence in relation to air
temperature. Weed Res. 25:103–109.

Soedarsan, A. 1980. The effect of alang-alang (Imperata cylindrica [L.]
Raeuschel) and control techniques on plantation crops. Biotrop. Spec.
Publ. 5:71–77.

Terry, P. J., G. Adjers, I. O. Akobundu, A. U. Anoka, M. E. Drilling, S.
Tjitrosemito, and M. Utomo. 1997. Herbicides and mechanical con-
trol of Imperata cylindrica as a first step in grassland rehabilitation.
Agrofor. Syst. 36:151–179.

Tominaga, T., H. Kobayashi, and K. Ueki. 1989. Seasonal change in the
standing-crop of Imperata cylindrica var. Koenigii in the Kii-Ohshima
Island of Japan. Weed Res. 34:204–209.

Tripathi, J. S. and S. Amal. 1995. Seasonal temperature effects on the
germination of seeds of perennial weeds. Indian J. Ecol. 22:59–60.

Udensi, E. A., I. O. Akobundu, A. O. Ayeni, and D. Chikoye. 1999.
Management of cogongrass (Imperata cylindrica) with velvetbean (Mu-
cuna pruriens var. utilis) and herbicides. Weed Technol. 13:201–208.

Versteeg, M. N. and V. Koudokpon. 1990. Mucuna helps control Imperata
in southern Benin. West Afr. Farming Syst. Res. Netw. Bull. 7:7–8.

Wilcut, J. W., R. R. Dute, B. Truelove, and D. E. Davis. 1988. Factors
limiting the distribution of cogongrass, Imperata cylindrica, and tor-
pedograss, Panicum repens. Weed Sci. 36:577–582.

Received October 30, 2003, and approved July 6, 2004.


