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Quivy, JAMES A, (Dept. Bot., Rutgers Univ., New Brunswick, N.J. 08903). Con-
volvulus sepium in old field suscession on the New Jersey Pledmont. Bull. Tarrey Bot.
Club 101: 88-95. 1974.—The purpose of the study was to investigate the possibility
that allelopathic and autotoxic phenomena influence the results of competitive interac-
tions between Convoloylus sepium and aszsaciated species on the Fiedmont of New Jersey.
Field observations and greenhouse experiments were performed on the effects of soil
from patches of C. sepium on germination and growth and the effects of leachate of
this species on growth. Past reports and fleld ohservations indicated that (1) eertain
species growing in areas inhabited by C. sepium appear inhibited even during its don-
mant period and even after hand-weeding removes it as a competitor, and (2) when
initially dominazif, the species often declines in importance during the early stages of
old field suecession. Allelopathie effects of €. sepmuwm varied with the species tested.
dmaranthus retroflenus, Chenopodium album, Digitaria senguwinglis, and Trificum aes-
tivum were significantly inhibited at all stages of development investigated. Pariulaca
oleracea was inhibited only during germination and seedling development. Autetoxicity
waa statistieally significant in all controlled environment studies. The interaction of
such allelopathic and autotoxie effects in the early stages of secondary succession is

disenared.

Hedge bindweed (Conwoluilus sen-
wum ), an agricultural weed, is a common
component of the initial vegetation oecupy-
ing abandoned eropland on the Piedmont
of New Jersey. It has been generally as-
sumed that it was persistent under these
conditions hecause of its competitive prow-
ess in the struggle for moisture and nutri-
ents. Ifts rapid vegetative growth and ex-
tensive root system are consistent with a
strong competitive ability, but several ob-
servations suggest that ifs success is not
completely explained hy conventional
modes of competition. The growth of Dan-
thania sericee in replicate plots in a trans-
plant garden at the William L., Huteheson
Memorial Forest (HMT') seemed to be in-
versely related to the occurrence and ahun-
dance of haedge hindweed. This difference
in Danthonie growth developed over a span
of time (September 1967 to May 1968)
during which bindweed was dormant and
thus weuld not have been shading or com-
peting with Danthonie for moisture or
nutrients. Furthermore, hand-weeding
starting in Mareh removed bindweed as a
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competitor in the vieinity of individual
Danthonia plants. The persistence in the
soil of an allelopathie chemical from hind-
weed could provide a mechanism by which
Danthonia growth was reduced by dormant
ar absent bindweed.

In her study of secondary succession
on the Piledmont of New Jersey, Bard
{1952) found the peak coverage, frequency,
and presence values for €. sepiteme in her
2-yr-old flelds. At HMFE, Shure (1969)
reported hedge bindweed as a dominant
producer during the early summer in 1-yr-
old flelds in both 1967 and 1968. Kricher
(1970), working in the same areas as Bard,
found that relative coverage values of C.
sepium in hig 3-yr-old field plots averaged
15.4, while the species was not recorded in

1] am indebted to the Soil Testing Labara-
tary, Agrienltural Extension Serviee and Soils
and Crops Iepartment, Rufgers University, for
all soil analyses mentioned in this report. The
assistance of A. M. Qlsen and T. A. Zanoni in the
collection of data is also appreciated.
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his 30-yr-cld field or HMF forest plots.
Lewis (1971) in an HMF study utilizing
flelds aged ome to five years reported a
cover value for C. sepiwm in the 1-yr-old
field at least three times greater than that
far any of the other flelds. Tt thus appears
that hedge bhindweed declines in impor-
tance during old fleld suecession and that
particularly significant declines oceur when
it ig initially dominant over considerable
area. The decline of a strong competitor,
siueh as hindweed, in a density-dependent
manner might well be produced by an auto-
toxic reactiorn.

The abjective of this study was to inves-
tigate the possibility that allelopathic and
autotoxic phenomena influence the results
of competitive interactions hetween . sep-
s and associated species.

Materials and methods, All field obser-
vations, bindweed materials, and soils eame
from old field study areas at the William
L. Hufcheson Memorial Forest at East
Millstone, New Jersey, on the Piedmont.
These areas are underiain by Triassic red
ghale of the Brunswick formation (Kum-
mel 1940} and are slightly rolling to level
in topography with moderately well-
drained silt loam soils (ranging around pH
5.0) of 46 to 61 em in depth (Ugolini
1964). Annual precipitation totals approx-
imately 112 em {elimatologieal standard
normal based an the period 1931-1960).

All greenhouse observations and experi-
ments were econducted in one room under
semi-controlled environmental conditions,
Temperature ranged between 21 and 29 C,
with the maximum during a 24-hr period
generally exceeding the minimum by at
least 5 degrees. Relative humidity varied
hetween 50 and 80%. Pots and flats were
watered regularly for maintenance of a
moderate soil moisture level (12-18% of
dry soil weight), Seeds, seedlings, and
plants of pigweed, Amaranthus retrofles-
us; lamh's quarters, Chenopodium album;
hedge hindweed, Convolvulus sepium;
erabgrass, Digitarie sanguinalis; carpet-
weed, Mollugo verticillaie; purslane, Por-
tulaca oleracea; and wheat, Trifdcum aesti-
vum were used in one or more experiments,
depending on their availability and on
greenhouse space limitations. All seeds (ex-
cept for wheat—soft red winter type,
““Redcoat'’ variety, harvested in New Jer-
sey and ohtained fraom the Farmers’ Co-
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operative Association of N.J., Ine., of New
Brunswick) and plant materials were eol-
leeted either at HMFE or within a 16-km
radius of the forest on eomparable sites.
Nomenelature follows Gleason and Cron-
quist (1963).

BINDWEED £01L V8. NON-BINDWEED SOIL.
801l {(upper 15 em) was collected from
denge bindweed pateches and from imme-
diately adjacent non-bindweed areas in a
2-yr-old field, sifted with § mm hardware
¢loth to remove large pieces of organic ma-
terial {especially rhizomes), and stored in
closed garbage cans for use in the following
experiments. Replicate samples of these
soils and similar samples from a one-year
old fleld were analyzed for texture, pH,
cation exchange capaeity, and available
nutrients by the Rutgers Soil Testing Lab-
oratory. Textural analysis was by the hy-
drometer method (Bouyoucos 1953); soil
pH was determined using a Photovolt
model Digicord meater on a soil-water (1:1)
suspension. Cation exchange eapacity was
gbtained by the ammonium acetate method
(Sechollenberger and Simon 1945}, and
techniques for determination of NH,-N and
NO,-N followed those of Hanna and Pur-
vis (1955). Concentrations of P, K, Mg,
and Ca were determined according to the
procedures outlined by Flannery and
Markus (1970).

To determine if the bindweed exerted a
lasting effect in the soil on residual seeds,
18 pots (15 em dia} were filled with bind-
weed soll and 18 with seil from areas free
of bindweed, and germination was noted.
The number of individuals and air-dry
shoat weights of seedlings arising from
these residual seeds were determined after
one month’s growth in the greenhouse.

In a further test one vear later of the
effect. of prior bindweed oecupaney of the
soil, the same bindweed and non-bindweed
soils were placed in wooden flats (31 x 45
x T em deep), and seeds of pigweed, crah-
grass, and wheat were planted. For each
species, four flats {two with hindweed soil
and two with non-bindweed soil) were
utilized. In each flat, 200 seeds were
planted in four rows (h0/row). Percent
germination, mean height, and air-dry
shaot. weight were determined after vari-
able periods of growth in the greenhouse
{38, 20, and 15 days for pigweed, erab-
grass, and wheat, respectively). The vari-
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able of residual seeds was removed by ex-
tracting their seedlings from both within
and hetween the rows. This was made pos-
sible by consistent source-related differ-
ences in seedling morphology and pigmen-
tation.

LEACHATE GOLLECTION AND APPLICATION.
Leachates were collected from flats contain-
ing a dense growth of bindweed and from
flats containing only the standardized soil
{eontrol leachate). These flats (50 x 35 x 10
em deep) were of galvanized sheet steel
with perforated bhottoms and were ar-
ranged in sets of four on frames support-
ing polyethylene sheeting which funneled
the leachate into a bucket. On the average,
375 ml of the leachates were applied every
three days to paired 15-em clay pots of
lamb’s quarters, wheat, purslane, and
hedge bindweed. A standardized 1:1:1
mixture of loam, sand, and sphagnum peat
was used for the ahove flats and pots. Three
sets of four bindweed and four non-bind-
weed flatg furnished the necessary leachate
for these experiments beginning in June
and terminating in September, 1969,

Previously thinned pots of plants were
paired on the basis of comparable vigor and
size of the plants at the following stages of
height growth: lamb’s quarters, 3-6 em;
wheat, 18-22 em; and purslane, 821 mm.
One pot of each pair was randomly selected
to receive the bindweed leachate; the other
received control leachate. To test for auto-
toxieity, paired pots of ecomparable shoot
number and vigor of hedge bindweed were
also subjeeted to this treatment. The num-
her of pots per species, plants or shoots per
pot, the determinations made, and the du-
ration of each trial are cited in Table 4.

MEASUREMENT OF LEAF SIZES, Six flats of
hedge hindweed (two each of 1, 12, and 18
nmonths in age) were utilized for ane-sur-
face leaf area measurements. ¥n each case,
50 leaves per flat were randomly selected
and measured with a transparent grid di-
vided into 14 em? units.

Results and discussion. EFFECT OF S0IL
FRGM BINDWEED PATCHES. Source of sail
produced striking differences in the num-
ber and size of individuals germinating
from residual seeds present in the soil
{Tahle 1}. Pigweed, erabgrass, and purs-
lane (species commonly associated with
hedge hindweed in the early stages of old
field sueeession) had from 1044 times
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more individuals on the non-hindweed soil,
and shoot weight per individual was con-
siderably greater even at these higher den-
gities (6, 16, and 1.3 times for pigweed,
crabgrass, and purslane, respectively). Al-
though there were 8 times the carpetweed
plants on non-hindweed soil, individnals
weighed less than those on the hindweed
g0il, This may have heen an effect of den-
sity stress since the non-bindweed pots
averaged 62.4 plants as against 4.1 plants
per bindweed pot.

There could be two explanations for the
greater number of individuals on the non-
hindweed soil—(1) a persistent effect of
bindweed growth not detectable by stan-
dard soil analyses, and (2) different num-
bers of residual seeds in the soils, Analyses
of the soils from the hindweed patches and
bindweed-free areas (Tahle 2) did not
show pH or nutrient differences large
enough to explain the large differences in

Table 1. Number of individuals and mean air-
dry shoot welght of seedlings arising from residual
seeds in 18 pots each of bindweed (B) and non-
hindweed (N} zoils.

Weight
Species Total no. (mg/plant)

B N E N

Amaranthus retroflerus a5 & 49
Chenapodiuvm album 3 0 33
Digitaria sanguinalis 90 5 &0

364 9 g
607 11 14
4 120 &0

Portulaca oleracea
Miscellanaous

5
0
2
Motluge verticillata %g
5
germination and growth among seeds of
these associated species. The texture was a
loam in each case, and the cation exechange
capacity varied between 6.9 and 11.4 meq/
100 g and was not correlated with presence
or absence of bindweed. The soil factors
examined are those commonly found to
limit erop growth in New Jersey, but un-
examined factors cannot of course be elim-
inated. The presence of allelopathic chem-
icals is one such factor. As the entire area
prior to plowing had been covered by 2
diverse vegetation, seed levels were pre-
sumed to be similar in the areas which ulti-
mately developed as hindweed patches. The
greater weight of seedlings in the non-
hindweed soils, even at levels producing
competitive stress, strongly suggests an
inhibitive effect present in the bindweed
soil, even if initial seed levels were differ-
ent.
To overcome the difficulty imposed by
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Tahle 2. Nutrient lavels and pH of szoil sam-
ples (upper 15 em} taken from adjacent bindweed
and non-bindweed sreas in one- and two-year-old
fields on June 20, 1969, at the study areas of the
William L. Hutcheson Memorial Farest.

Available nutrients®
ppm

.~ Bource and
sample number

pH NH N NO-N K Mg Ca

ONE-YEAR OLD FIELD
Bindweed 1 5.4 140.8 4 56 62 140
2 53 12.0 8 48 76 208
3 49 17.6 i 58 50 144

Non-

hivelneed 1 5.3 13.4 ] 3¢ 81 180
2 51 14.0 4 48 75 192
3 &85 12.0 4 80 73 192

Twa-¥EAR OLD FIELD
Bindweed 1 5.0 13.8 8 30 50 160
2 4.8 14.0 4 30 45 80
A 11.2 ] 36 80 1440
4 A2 11.2 4 33 58 a1

Non-

hindwead 1 4.9 12,4 4 45 506 a1
2 49 11.2 4 23 a0 B0
3 5.1 12,4 8 38 91 144
4 49 12.4 4 27 67 96
* Coneentration of P was <« 10 ppm in each

sample.

the imprecise number of residual seeds in
the soil {designated [2] in the above para-
graph), the effect on given numbers of pig-
weed, crabgrass, and wheat seeds planted
in flats of hindweed and non-hindweed soil
was determined. Although not significantly
different, pereentage germination was
slightly lower in pigweed and erabgrass in
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soil from hindweed areas (Table 3). For
all three speecles, plants on soil from bind-
weed patches were yellow-green and spind-
ly, ie., shorter in height, with short, nar-
row leaves, and lower in shoot weight. The
differences in height and weight hetween
the econtrol plants and those grown in bind-
weed soil were statistically significant in
crabgrass and wheat (Table 3). Much
poorer development of root systems of all
species was noted in the soil from bind-
weed patches, and this observation, to-
gether with the preceding data, point to an
inhibitory effect of the bindweed soil an
root development and growth.

ErFrrcTs OF LEACHATES. Exeept for
purslane, mean shoot weights for plants re-
ceiving hindweed leachate were significant-
ly less than for those receiving the control
leachate (Table 4). Lamb’s quarter plants
receiving hindweed leachate often showed
yellowing or yellow-green leaves, and their
air-dry shoot weights were also less, pri-
marily heecause of significantly shorter
heights. Wheat plants receiving bindweed
leachate were generally smaller, with sig-
nificantly fewer tillers and with leaf blades
slightly shorter and narrower than the con-
trols. Although weights were slightly
greater for purslane receiving control
leachate, no consistent visible differences
between plants treated with leachate from

Table 3. Percent germination, mean height, and air-dry shoot weight of three species grown in hiud-

weed (B) or non-bindweed (N) coil.

Duration (fermination® Mean Weight
of : height (em) g/50 plants
Hpecies trial PR -
{Days) B N B N Bt N
Amaranthus retroflezus 38 49 79 29 3.0 .29 Q.41
Digitaria sanguinalis 20 66 71 8.3*% 13.7 0.14* 0.48
Priticum aestivum 15 85 a2 16.3% 22.8 2.90%%  3.30

* Bummary of the resulfs from two flats each planted with 200 seeds.
b Significance of difference from control: *, P == (L05; **, P = (.01,

Table 4. Mean air-dry shoot weight of plants grown In paired pots receiving either the hindweed

(B} or the contral (N} leachate.

Duration Shoat weight

. Na. of of {mg/plant)
Species pots per Plants trial _—
treatment per pot {Days) Be N
Chenopadium album 15 2 48 730HE 1285
Triticum aestivum 17 3 48 573% 707
Portulaca oleracea 17 i 37 681 780
Convoluulus sepium 20 57+ 94 442%# 791

? Range in nuniber of shoots at beginning of experiment. Pots were paired as to number and vigor

of thoots.

®Significance of difference from control: *, P =0.05; **, P = 0.01.
¢ The shoats were clipped to an 8-cm level 16, 38, 63, and 94 days after initiation of leachate appliea-

tion and the elippings air-dried and weighed.
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bindweed or control flats could be detected.
The lack of differential response here, in
the case of plants already 821 mm tall
when leachates were first applied, provides
an interesting eontrast to the marked in-
hibition of purslane germination in soil
from hindweed patches {Tahle 1) and thus
suggests that the allelopathic agent of
hindweed may be more effective against the
germination. of purslane than against the
development of the seedlings once germi-
nated, Soil analyses at the termination of
the leachate experiments indieated no dif-
ferential depletion or buildup of nutrients
in either the flats utilized to provide the
two leachates or the pots receiving them.
The air-dry weight of shoot, elippings of
hindweed derived from four harvests dur-
ing a three-month growing period were
significantly less for plants receiving bind-
weed leachate {Table 4). These differences
in shoot welghts were due to the production
of fewer shoots, a slower growth rate of
existing shoots, and a significant decrease
in individual leaf size of the plants receiv-
ing leachate from the bindweed fiats. Meas-
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urements on six flats of hedge bindweed
from a common source demonstrated sim-
ilar decreases in leaf size with inereased
time of growth in the flats (Fig. 1}. This
decrease in leaf size and vigor with time
had heen observed in the HMF old field
study areas but was attributed to either
depletion of nutrients and/or interspecific
competition. However, in the greenhouse
the same phenomena were consistently ob-
served under conditions of no interspecifie
competition, regular watering, and periocdie
application of liguid fertilizer.
Ecovoaicar siaNiricance. Hedge bind-
weed is commonly one of the dominant pro-
ducers in the early stages of old field sue-
cession on the Piledmont (Shure 1969,
Kricher 1970, Lewis 1971, Small et al.
1971). Tts rapid vegetative growth from
fleshy, creeping rootstoeks and the ten-
dency of the long creeping stems (1-3 m)
to twine about or overtop other herhaceous.
plants certainly contribute to its suececess.
Shure (1971) ¢hserved that hedge bind-
weed formed a dense vegetative mat during
early summer when most other seedlings
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Conveluulus sepium grown in flats for 1, 12, and 18 monthse.
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were appearing and that growth forms of
-other species were altered, depending on
the degree of hindweed eover. I had aec-
-cepted these charaeteristics as satisfacto-
rily explaining its early success in ahan-
doned croplands until I happened to
-diseover the effect of soil from bindweed
pateches on the growth of Danthoniz seri-
ced. Suhsequently, a series of soil samples
from hindweed and non-bindweed areas in
<lifferent fields at different seasens revealed
‘no evidenee for nutrient depletion or dif-
ferences in ammonium and nitrate-N levels.
'‘One possible explanation of my results
would be the presence of inhibitery con-
centrations of phenolic acids in the soils
from bindweed areas. An inhibitery sub-
stance in the creeping stem of hedge bind-
weed. in F'rance appeared to be a complex
coumarin derivative {Tronchet 1961).
Phenolie acids (such as p-coumaric) at con-
centrations found in many seils have been
found to suppress the growth of young
wheat {Wang, Yang, and Chuang 1967).
The significant effects in this study of scil
source (bhindweed vs. non-bindweed area)
and bindweed leachate on the germination,
seedling development, and growth of species
commonly assoclated with hedge hindweed
in the early stages of old field succes-
sion provide an explanation for the inhibi-
tion of D. sericeqs and suggest the addition
of allelopathy to the total competitive in-
teractions between C. sepium and associ-
ated species.

Hedge hindweed declines in importance
during old field succession and often is not
racorded in plots of fields more than 30
years past abandonment (Bard 1952,
Kricher 1970}. Much earlier, however, the
species dreps frem a dominant status
{Lewis 1971); and although it may con-
tinue to be commonly recorded in quadrats
16 years after abandonment (Small, Buell,
and Buell, unpublished data from HME
sites], a plotting of cover values of C. sep-
ium on the same quadrat through time
often produces a “‘ripple’’ effeet of high-
low-high cover values or of €. sepium peak-
ing at high values, disappearing, and then
re-entering the quadrat in subsequent years
and again peaking (C4, C5, D1, and D3
fields of 8mall et al. 1971}. Evidence from
the effects of the hindweed leachate on the
graowth of bindweed and from the observa-
tions of declining viger with time of growth
in one place (pot, flat, or field quadrat)
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strongly suggest autotoxicity. Significant-
ly, hedge bindweed thrives with regular
cultivation, which would faecilitate miero-
hial aetivity, breakdown of inhibitors, and
leaching, Another explanation of the field
results could be a depletion of nutrients or
perhaps an inhibition of nitrification (Rice
1964, Blum and Riee 1969), but the phe-
nomenon also cecurred under high nutrient
(including added nitrates) levels in the
greephouse, In addition, analyses of soil
from non-hindweed and hindweed areas of
one and two years of age provided no sup-
port. for this alternative (Table 2).

In conelusion, evidence has heen pre-
sented which indicates that allelopathic
inhibition of assoclated species could con-
tribute to the detrimental effects of €. sep-
jum as a2 weed during regular cultivation
and to its oecasional dominanee for several
yvears following ecultivation. Eventually,
autotoxie effects begin to override the bene-
fits of allelepathie inhibition, and €. sep-
tum declines in importance as shading and
other competitive stresses increase during
secondary suceession.
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