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Characterizing Population Growth Rate of Convolvulus arvensis in Wheat-Sunflower
No-Tillage Systems

Montserrat Jurado-Expésito,* Francisca Lépez-Granados, José Luis Gonzdlez-Andujar, and Luis Garcia-Torres

ABSTRACT

Convolvulus arvensis L. is an important perennial weed that infests
wheat (Triticum aestivum L.) and sunflower (Helianthus annuus L.)
in Spain. Many fields of this rotation have been converted to no-
tillage or reduced tillage, so perennial weeds such as C. arvensis have
become more troublesome since they cannot be reduced in abundance
by repeated tillage or cultivation. The population growth rate (PGR)
is important in forecasting future population trends, and it can be
used to develop weed control strategies in which applications of herbi-
cides are spatially targeted to minimize possible damage. The objec-
tives of this study were to assess and map PGR of C. arvensis in a
wheat-sunflower no tillage rotation and to determine the temporal
stability of the distribution function of C. arvensis. PGR was calculated
over the course of four growing seasons (1999-2002) in a wheat—sun-
flower crop rotation in no-tillage systems. Spatial variability of PGR
was analyzed by geostatistics. Temporal stability of the distribution func-
tion of C. arvensis PGR over time was established by a generalization
of the two-sample Cramér-von Mises test for a difference between
two univariate probability distributions. Year and crop influenced
PGR, being larger in the sunflower phase (PGR = 0.52) than in the
wheat phase (PGR = 0.16) of a sunflower—wheat rotation system be-
cause the density of C. arvensis was greater when growing in competi-
tion with wheat than with sunflower. The PGR showed a moderate
degree of aggregation in patches in both rotations, although the tem-
poral stability of the PGR distribution function was not observed.
Overall, PGR became stable over the four growing seasons. Knowledge
of growth rate spatial dynamics could improve C. arvensis management
if it were complemented with spatially herbicide targeted applications.

IN RECENT YEARS, several authors have reported the
importance of weed spatial distribution in sampling
populations, modeling population dynamics, and long-
term management (Rew and Cousens, 2001; Jurado-
Exposito et al., 2003) and have drawn attention to the
need for methods to improve future weed management
strategies (Gonzalez-Andudjar and Saavedra, 2003).
Weeds are usually distributed in patches (Donald,
1994; Heisel et al., 1996a; Wiles and Schweizer, 2002).
A weed patch is considered stable if it is constant in
density and location over time (Gerhards et al., 1997;
Rew and Cussans, 1995; Wyse-Pester, 1996, Dieleman
and Mortensen, 1999). Stability is important for manag-
ing patches, such that a patch map from one year can
be used to guide weed control in subsequent years (Mor-
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tensen et al., 1993, 1995; Lutman et al., 1998). This is
especially true for perennial weeds in reduced tillage
systems (Webster et al., 2000). However, most of the
studies of spatial variation of weed populations have
been based on density data and none had taken into
consideration the spatial variability or temporal stability
of population growth rate of weeds.

PGR is a central concept in ecology, unifying vari-
ables linking the various facets of population ecology.
In conservation biology, the aim is to preserve species,
i.e., to promote faster growth. Weed control is the oppo-
site, where the aim is to minimize growth (Sibly and
Hone, 2002). PGR is important in forecasting future
population trends, and it can be used to develop weed
control strategies in which applications of herbicides are
spatially targeted to minimize possible damage.

Convolvulus arvensis (field bindweed) is an important
perennial weed that infests wheat and sunflower in
Spain (Saavedra-Saavedra et al., 1989; Hidalgo et al.,
1990; Jurado-Expésito et al., 2003). It produces few via-
ble seeds when growing in competition with crops and
reproduces primarily vegetatively from underground
rootstocks. In addition, adventitious shoots arising from
a network of rootstocks reduce crop yields and interfere
with harvest (Liebman et al., 2001).

Reduced and no-tillage production has increased in
Spain in the last 10 yr, accounting for 2 million hectares
of the annual crops (AELC/SV, 1998). Wheat-sunflower
is the main crop rotation in Andalusia (southern Spain).
Many fields of this rotation have been converted to no-
tillage or reduced tillage, so perennial weeds such as
C. arvensis have become more troublesome since they
cannot be reduced in abundance by repeated tillage or
cultivation (Liebman et al., 2001).

Jurado-Expdsito et al. (2003) characterized the spatial
distribution of weeds within sunflower and wheat crops.
Although they did not deal with the spatial variability
and temporal stability over time of the weed population
growth rate over crop rotations, knowledge of these
variables is needed to target herbicide application. Fur-
thermore, there are no studies on the spatial variability
of C. arvensis PGR or temporal stability in no-tillage
systems where this weed is most common.

The objectives of this study were: (i) to assess and
map the PGR of C. arvensis in a wheat—sunflower no
tillage rotation, (ii) to characterize the spatial variability
of C. arvensis PGR, and (iii) to determine the temporal
stability of the distribution function of C. arvensis PGR.

MATERIALS AND METHODS
Study Area and Sampling Scheme

The study was conducted at La Monclova (La Luisiana,
Seville, southern Spain, 38-36° N and 4-6° W) over the course

Abbreviations: PGR, population growth rate.
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of four growing seasons (1999-2002) in a field naturally in-
fested with C. arvensis and managed with a rotation of wheat
and sunflower under a no-tillage system. Cropping practices
representative of the Mediterranean region were as follows:
wheat was sown in early December and harvested in mid-
June, and sunflower was sown in late February and harvested
in late July. Nitrogen fertilizer was applied to wheat only as
ammonium nitrate at 130 N kg ha~!. The N was applied in
late February as top dressing at the beginning of wheat tillering
corresponding to stage 21 of Zadoks scale (Zadoks et al.,
1974). A nonresidual herbicide glyphosate [N-(phosphometh-
yl)glycine] was applied pre-emergence at 2 L a.i. ha™! to con-
trol annual weeds in wheat and sunflower. This treatment
generally does not affect C. arvensis grown from perennial
shoots.

The density of C. arvensis was sampled in late May before
harvesting, when wheat was in its last maturation stage (corre-
sponding to wheat ripening, Stage 90 of Zadoks scale), sun-
flower at 14 to 16 leaf stage and C. arvensis shoots 4 to 10 cm
in height. An area measuring 65 X 250 m (1.6 ha) was selected
for the intensive field survey in 1999, and the same area was
resampled in 2000, 2001, and 2002. The study area was situated
within a larger field (around 40 ha), and its borders were at
least 50 m from the main borders of the field. Convolvulus
arvensis density assessments were performed in a 7- X 7-m
grid pattern, resulting in a total of 261 sampling units. The
position of each grid point was georeferenced with a Differen-
tial Global Positioning System (DGPS, Trimble Pathfinder
Pro-XRS, Trimble Navigation Limited, Sunnyvale, CA). At
each node, the number of C. arvensis shoots were counted in
a 2- X 2-m quadrat.

Population Growth Rate (PGR)

Convolvulus arvensis PGR was calculated at each grid node
as follows:

PGR,, = 10g {[Nyi+/Npyi] + 1}

where N+ is weed density in Year ¢ + 1 at Site (x,y), and
Ny is C. arvensis density in Year ¢ at Site (x,y). PGR was
calculated for three crop rotations: wheat phase (1999-2000),
sunflower phase (2000-2001), and wheat phase (2001-2002).
To evaluate the PGR value over the four years, an overall PGR
was calculated between Yearst =1 (1999) and ¢ + 1 = 4 (2002).

PGR data from each rotation were treated as a study case
and were analyzed statistically. Data distribution was described
by classical descriptors (mean, median, and standard deviation).

Dynamics of Population Growth Rate
Spatial Variability

Spatial variability of C. arvensis PGR over the crop rota-
tions was described by semivariograms. The semivariogram
characterizes the average degree of similarity between C. ar-
vensis PGR as a function of separation distance and direction.
A semivariogram was calculated for each time interval as fol-
lows (Journel and Huijbregts, 1978; Isaaks and Srivastava,
1989; Webster and Oliver, 2001):

N(h)

= 4+ _ 32
V() = s Zlets + ) = 2(x)
where (/) is the experimental semivariance value at distance
Interval h; N(h) = number of PGR value pairs within the
distance Interval /; and z(x;), z(x; + h) = PGR values at two
points separated by a distance Interval A. All pairs of points
separated by distance /& were used to calculate the experimen-
tal semivariogram.

Several semivariogram functions were evaluated to choose
the best fit with the data. Semivariograms were calculated
both isotropically and anisotropically by VARIOWIN (Soft-
ware for Spatial Data Analysis in 2D. Spring Verlag, New
York) software. The anisotropic calculations were performed
in four directions (0, 45, 90, and 135°) with a tolerance of 22.5°
to determine whether the semivariogram functions depended
on the sampling orientation and direction (i.e., they were ani-
sotropic) or not (i.e., they were isotropic) (Journel, 1986). The
direction 0° corresponded to E-W and 90° to the N-S direction.
A lag spacing of 5 m over a distance of 90 m produced the
clearest semivariogram with a sufficient number of data points
to be confident in the empirical semivariogram estimates. The
experimental semivariograms were fitted by the least-squares
procedure by VARIOWIN software. Nested semivariogram
structures were not used, as we were able to obtain adequate
fits with a simple structure.

Spherical and exponential models were fitted to the experi-
mental semivariograms. The parameters of the model: nugget
semivariance, range, and sill or total semivariance were calcu-
lated. Semivariogram models were cross-validated comparing
PGR values estimated from the semivariogram model with
actual PGR values. A trial-and-error procedure was used and
the estimated parameters of the model were modified until
adequate cross-validation statistics were obtained (Isaaks and
Srivastava, 1989; Webster and Oliver, 2001), i.e., mean estima-
tion error (MEE) not significantly different than zero; mean
squared error (MSE) less than the variance of the sample
values (Hevesi et al., 1992), and standardized mean squared
error (SMSE) were within the interval 1 = 2 \/2/n) (Isaaks
and Srivastava, 1989; Hevesi et al., 1992).

Once cross-validated, parameters of the semivariogram
models were used in the kriging process to provide estimates
of C. arvensis PGR at unsampled points. Ordinary point krig-
ing was performed on a regular grid of 2.5 m. Cross-validation
and kriging were conducted by WinGSLIB (Geostatistical
Software Library and User’s guide. Oxford University Press).
Kriging estimates were used to map the PGR by SURFER
(Win 32, Surface Mapping System, Golden Software Inc. 809,
14th Street. Golden, CO) contour mapping software.

PGR mean > 0.3 was estimated as the PGR critical value
for the C. arvensis population increased. PGR maps achieved
by kriging were used to estimate the percentage of surface
where PGR > 0.3, which means foci where C. arvensis was
increasing.

To define distinct classes of C. arvensis PGR spatial depen-
dence, the nugget variance was expressed as a percentage of
the total semivariance. If the ratio was =25%, C. arvensis PGR
was considered strongly spatially dependent or strongly dis-
tributed in patches; if the ratio was between 25 and 75%, PGR
was considered to be moderately spatially dependent, and if
the ratio was >75%, PGR was considered weakly spatially
dependent (Cambardella et al., 1994; Cambardella and Karlen,
1999; Gonzalez-Anddgjar et al., 2001; Lépez-Granados et al.,
2002, Jurado-Expésito et al., 2003).

Population Growth Rate Temporal Stability

To test the temporal stability of the distribution function
of C. arvensis PGR over time (Syrjala, 1996), the bivariate gen-
eralization of the Cramer-von Mises nonparametric test was
applied. The method tests the null hypothesis that there is no
difference in the spatial distribution of PGR over time, i.e.,
that the PGR distribution has not changed from one year to
the next. The alternative hypothesis is that there is some un-
specified difference between PGR distributions over years.

The statistic () used to test the null hypothesis is defined
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by the square of the difference between the two cumulative
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Fig. 1. Experimental (circles) and modeled semivariograms of C. arvensis population growth rate (PGR), corresponding to (a) wheat phase
(1999-2000), (b) sunflower phase (2000-2001), (c) wheat phase (2001-2002), and (d) overall PGR (1999-2002).

The nugget semivariance was greater than zero in
all cases, meaning that PGR observations separated by
small distances were dissimilar (Isaaks and Srivastava,
1989). This dissimilarity may result from differences in
demography or dispersal, mortality events, edaphic fac-
tors and cropping, or control actions among other pro-
cesses influencing patchiness at scales smaller than 7 m
or may simply be the result of sampling error (Cousens
and Mortimer, 1995; Heisel et al., 1996a, 1996b; Cousens
and Croft, 2000; Jurado-Expdsito et al., 2003).

The nugget semivariance expressed as a percentage
of the total semivariance (or sill) was used to define
distinct classes of PGR spatial dependence (Table 1).
Medium nugget ratios (between 45 and 70%) were
found which indicates a moderate spatial dependence
of PGR, or moderate degree of aggregation in patches
in all rotations.

The range of the semivariogram gives the average
extent of the PGR patches when PGR distribution is
moderately spatially correlated. The range was similar
in wheat phase rotation years (1999-2000 and 2001-
2002) (Table 1), with a spatial dependence of up to

43.5 m and up to 34 m for the sunflower phase. A larger
range indicated that PGR is influenced by other PGR
values over greater distances than PGR, which have
smaller ranges (Samper-Calvete and Carrera-Rami-
rez, 1996).

Assuming that an average of PGR = 0.3 indicated
that the weed population was not increasing, C. arvensis
population grew in the sunflower phase (PGR = 0.524)
(Table 1). A visual assessment of PGR maps for each
crop rotation (Fig. 2) reveals a distinct aggregation pat-
tern depending on rotation. PGR highly aggregated with
several small foci of increase, where PGR > 0.3, in the
first wheat phase (Fig. 2a). These results suggest that a
decrease in the C. arvensis density was recorded due to
the introduction of sunflower crop in the rotation. As
a consequence, a population fragmentation in small foci
was produced in the field, which caused lower PGR
values in wheat phase (Fig. 2a and 2¢). The percentage of
surface where C. arvensis population was not increasing,
i.e., where PGR = 0.3, was calculated at 86.5% and
99.3% in 1999-2000 and 2001-2002, respectively (Fig. 3a
and 3c).
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Regarding sunflower phase, 88.5% of the surface was
with a PGR > 0.3 (Fig. 2b and 3b), suggesting that most
of the surface exhibited an increase in C. arvensis PGR.
This illustrates the high potential PGR that C. arvensis
can achieve under conditions when it is growing with
no specific control. However, whether sunflower is in-
cluded in the rotation, even in the absence of specific
control, PGR becomes stable over the four growing
seasons, as illustrated in Fig. 2d. Thus, the percentage of
surface with an overall PGR >0.3 was 11.3% (Fig. 3d).
Results indicate that overall PGR mean had become sta-
bilized because of an appropriate crop rotation (0.187,
Table 1).

Population Growth Rate Spatial Stability

Comparison between C. arvensis PGR maps for 1999—
2000 and 2000-2001 (Fig. 2a and 2b) indicated a nonsig-
nificant spatial stability of PGR distribution function
(b = 3.98; P = 0.001). Similar results were found in
2000-2001 and 2001-2002 comparison (Fig. 2b and 2c;
¢ = 2.71; P = 0.001), which indicated that significant
spatial changes occurred in C. arvensis PGR patches over
time and crops. Similarly, comparison between sun-
flower phases (Fig. 2a and 2c) did not show any spatial
stability (y = 0.353; P = 0.001).

According to Syrjala (1996), differences between dis-
tributions over time can be characterized by different
environmental conditions, which are defined in this study
by the different crop sown. The lack of spatial stability
of PGR is, therefore, probably due to the different C. ar-
vensis population pattern in sunflower and wheat. Similar
results have been found by Dieleman and Mortensen
(1999) who concluded that weed patch persistence de-
pends on the crop in which the patches occur. Stability
in weed density maps over years has been found by
several authors (Wilson and Brain, 1991; Cardina et al.,
1995). Gerhards et al. (1997) and Webster et al. (2000)
found that the patches of perennial weeds like hemp
dogbane (Apocynum cannabinum L.) occurred at about
the same location over 4 yr and that regression analysis
indicated that there was strong relation between patch
area in consecutive years, although they reported that
patch area increased more than 100% when a fallow
was included in the rotation.

Convoluvulus arvensis PGR showed aggregation in
patches in both crop rotations, although location of
patches was different within rotations. Our study pro-
vides valuable information about PGR dynamics since
it can be used to define the areas with a PGR >0.3,
where C. arvensis population is increasing. Knowledge
of estimated PGR areas at a given point during the crop
rotation can be a guide to improve future multiple-
season weed management systems by defining potential
herbicide targeted applications against this perennial
weed. This information could be used to prevent C. ar-
vensis from becoming a hard-to-control weed in our
no-tillage systems, where perennial weeds cannot be
reduced by tillage or cultivation.

ACKNOWLEDGMENTS

This research was partly supported by the Spanish Ministry
of Science and Technology (Project AGL2002-04468-C03-02).
The research of M. Jurado-Expdsito has been supported by
CSIC-13P Program (financed by FEDER Programs).

REFERENCES

AELC/SV. 1998. Guia de agricultura de conservacién de cultivos
anuales. Edited by Asociacion Espaiola de Agricultura de Conser-
vacién/Suelos Vivos.

Cambardella, C.A., and D.L. Karlen. 1999. Spatial analysis of soil
fertility parameters. Prec. Agric. 1:5-11.

Cambardella, C.A., T.B. Moorman, J.M. Novak, T.B. Parkin, D.K.
Karlen, R.F. Turco, and A.E. Konopka. 1994. Field-scale variability
of soil properties in central Iowa soils. Soil Sci. Soc. Am. J. 58:
1501-1511.

Cardina, J., D.H. Sparrow, and E.L. McCoy. 1995. Analysis of spatial
distribution of common lambsquarters (Chenopodium album) in
no-till soybean (Glycine max). Weed Sci. 43:258-268.

Cousens, R., and A.M. Croft. 2000. Weed populations and pathogens.
Weed Res. 40:63-82.

Cousens, R., and M. Mortimer. 1995. Dynamics of Weed Populations.
Cambridge University Press, Cambridege, UK.

Dieleman, J.A., and D.A. Mortensen. 1999. Characterizing the spatial
pattern of Abutilon theophrasti seedling patches. Weed Res. 39:
455-467.

Donald, W.W. 1994. Geostatistics for mapping weeds with a Cana-
dian thistle (Cirsium arvense) patch as a case study. Weed Sci. 42:
648-657.

Edgington, E.S. 1980. Randomization tests. Second ed. Marcel Dek-
ker, New York.

Gerhards, R., D.Y. Wyse-Pester, D.A. Mortensen, and G.A. Johnson.
1997. Characterizing spatial stability of weed populations using
interpolated maps. Weed Sci. 45:108-119.

Gonzalez-Anddjar, J.L., A. Martinez-Cob, F. Lépez-Granados, and
L. Garcia-Torres. 2001. Spatial distribution and mapping of Oro-
banche crenata infestation in continuous Vicia faba cropping for
six years. Weed Sci. 49:773-779.

Gonzalez-Andujar, J.L., and M. Saavedra. 2003. Spatial distribution
of annual grass weed populations in winter cereals. Crop Prot. 22:
629-633.

Goovaerts, P. 1997. Geostatistical for natural resources evaluation.
Oxford University Press, New York.

Heisel, T., C. Andersen, and A.K. Ersbgll. 1996a. Annual weed can
be mapped with kriging. Weed Res. 36:325-337.

Heisel, T., S. Christensen, and A.M. Walter. 1996b. Weed managing
model for patch spraying in cereal. /[n Proceedings of the Third
International Conference on Precision Agriculture, Minneapolis,
MN, ASA-CSSA-SSSA, Madison, WI. 999-1007.

Hevesi, J.A., J.D. Istok, and A.L. Flint. 1992. Precipitation estimation
in mountains terrain using multivariate geostatistics. Part I: Struc-
tural analysis. J. Appl. Meteorol. 31:661-676.

Hidalgo, B., M. Saavedra, and L. Garcia-Torres. 1990. Weed flora of
dryland crop in the Cérdoba region (Spain). Weed Res. 30:309-318.

Isaaks, E.H., and R.M. Srivastava. 1989. An introduction to applied
geostatistics. Oxford University Press, New York.

Jurado-Expésito, M., F. Lépez-Granados, L. Garcia-Torres, A. Garcia-
Ferrer, M. Sanchez de la Orden, and S. Atenciano-Nuiiez. 2003.
Multi-species weed spatial variability and site-specific management
maps in cultivated sunflower. Weed Sci. 51:319-328.

Journel, A.G., and C.J. Huijbregts. 1978. Mining geostatistics. Aca-
demic Press, London.

Journel, A.G. 1986. Geostatistics: Models and tools for the earth
sciences. Math. Geol. 18:119-140.

Liebman, M., C.L. Mohler, and C.P. Staver. 2001. Ecological manage-
ment of agricultural weeds. Cambridge University Press, Cam-
bridge, UK.

Loépez-Granados, F., M. Jurado-Expésito, S. Atenciano-Nuifiez, A
Garcia-Ferrer, M. Sdnchez de la Orden, and L. Garcia-Torres. 2002.
Spatial variability of agricultural soil parameters in southern Spain.
Plant Soil 246:97-105.

Lutman, P.JJW., L.J. Rew, G.W. Cussans, P.C.H Miller, M.E.R Paice,



ol
()
c
[0}
0
(O}
S
N
-

{5

2
p—
=
Q.
o
(&)

<
ol

.
S
()
(S

<

—
o
>
=

.0
o
o

w
[0
o
=

.0
O

w
Q.
o
S

o
>

o]

je)
[}

=

i)

e}
=}

o
©
o
C

.0
O

w
Qo
(@]
S

o
£
o
—

“—

©
D
o
>

e
(@)
—
(o}
[0}

(o

2112 CROP SCIENCE, VOL. 45, SEPTEMBER-OCTOBER 2005

and J.E. Stafford. 1998. Development of a patch spraying system
to control weeds in winter wheat. Home-Grown Cereals Authority
Project Report n° 158. HGCA, London.

Mortensen, D.A., G.A. Johnson, and L.J. Young. 1993. Weed distribu-
tion in agricultural fields. p. 113-124. In Proceedings of the First
Workshop on Soil-Specific Crop Management, Minneapolis, MN,
ASA-CSSA-SSSA, Madison, WI.

Mortensen, D.A., G.A. Johnson, D.Y. Wyse-Pester, and A.R. Martin.
1995. Managing spatially variable weed populations. p. 397-415.
In Proceedings of the Second International Conference on Site-
Specific Management for Agricultural Systems, Bloomington/Min-
neapolis, MN, ASA-CSSA-SSSA, Madison, WI.

Rew, L.J., and G.W. Cussans. 1995. Patch ecology and dynamics, how
much we know? p. 1059-1068. In Proceedings 1995 Brighton Crop
Prot. Conference—Weeds, Brighton, UK.

Rew, L.J., and R.D. Cousens. 2001. Spatial distribution of weeds in
arable crops: Are current research methods appropriate? Weed Res.
41:1-18.

Saavedra-Saavedra, M., L. Garcia-Torres, E. Hernandez-Bermejo,
and B. Hidalgo. 1989. Weed flora in the middle valley of Guadal-
quivir, Spain. Weed Res. 29:167-179.

Samper-Calvete, F.J., and J. Carrera-Ramirez. 1996. Geoestadistica.
Aplicaciones a la hidrologia subterrdnea. Centro Internacional de
Métodos Numéricos en Ingenieria, Universitat Politecnica de Cata-
lunya, Espaia.

Sibly, R.M., and J. Hone. 2002. Population growth rate and its determi-
nants: An overview. Philos. Trans. Biol. Sci. 357:1153-1170.

Syrjala, S.E. 1996. A statistical test for a difference between the spatial
distributions of two populations. Ecology 77:75-80.

Webster, R., J. Cardina, and S.J. Woods. 2000. Spatial and temporal
expansion patterns of Apocynum cannabinum patches. Weed Sci.
48:728-733.

Webster, R., and M.A. Oliver. 2001. Geostatistics for environmental
scientists. John Wiley & Sons, LTD. Chichester, England.

Wiles, L., and E. Schweizer. 2002. Spatial dependence of weed seed
banks and strategies for sampling. Weed Sci. 50:595-606.

Wilson, B.J., and P. Brain. 1991. Long-term stability of distribution
of Alopecurus myosuroides Huds. within cereal fields. Weed Res.
31:367-373.

Wyse-Pester, D.Y. 1996. Characterizing the stability of weed seedling
populations. MSc Thesis. University of Nebraska, Lincoln, NE.
Zadoks, J.C., T.T. Chang, and C.F. Konzak. 1974. A decimal code

for the growth stages of cereals. Weed Res. 14:415-421.



