{#& it (Korean J. Crop Sci.) 39(3).: 285~294(1993)]

Allelopathic Effect of Some Weed Species Extracts
and Residues on Alfalfa
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ABSTRACT : Dried top and root extracts of seven different weed species, fresh top and root
extracts, and various concentrations of extract (0, 5, 10 and 15%, W /V) and residue rate (0.0, 0.
25. 0.5, 0.75 and 1.0%) of velvetleaf (Abutilon theophrasti Medic.) were used to study their
allelopathic effects on alfalfa in the laboratory and greenhouse., Top and root aqueous extracts of
common lambsquarter (Chenopodium album L.}, giant foxtail (Setaria faberii Herrm.), redroot pig-
weed (Amaranthus retroflexus 1..), velvetleaf, large crabgrass (Digitaria sanguinalis L.), canada
thistle (Cirsium arvense L.) and prostrate knotweed (Polygonium aviculare L.) significantly inhibited
germination, seedling length, weight, and vigor in alfalfa. Top growth extracts of weeds exhibited
greater allelopathic effects than root extracts. Alfalfa test species, WL-320, responded signifi-
cantly different to the various weed species extracts in terms of allelopathic effect. The re-
gression slopes of various top extracts showed significant variation with respect to germination
percentage. Velvetleaf (b=3.69) extracts were the most inhibitory, while large crabgrass (b=2.
39) extracts had the least allelopathic effect on alfalfa. When compared the activity of fresh
velvetleaf extract to that of dry velvetleaf extract, dry extract was more inhibitory to alfalfa ger-
mination and seedling growth, Germination, seedling length and weight of alfalfa were inversely
proportional to the concentration of dried velvetleaf extracts.

Seedling emergence and survival percentage was inhibited by velvetleaf residue mixture treat-
ment. Also, more of the toxic effects were observed from the dried top extracts, as compared to
extracts from fresh top and root. These results demonstrate the allelopathic activity of different
weed species extracts and suggest that weeds may affect crop growth and development due to
the inhibitory effects of allelochemicals present in weed tissue,

Key word : Alfalfa, Weed, Allelopathic effect, Aqueous extracts, Germination rate, Seedling
growth, Seedling vigor
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Allelopathy, any direct or indirect effect of
one plant on another through release or pro-
duction of chemical compounds by leaching,
root exudation and residue decomposition by
microorganism that escape into the environ-
ment, occurs widely in the plant ecosystem®’,
Although their mechanisms are theoretically
distinct, allelopathy and competition are
closely related in the field.

Allelopathic chemicals that inhibit crop
growth and yield may be released by weeds.
Growth inhibition by allelochemicals would be
expected to reduce the competitiveness do the
inhibited plant for space, water nutrients, and
light. It is theorized to be one mechanism by
which weeds interfere with crop growth and
development.

The allelopathic effects of toxic substances
are important among crops and weeds within
agricultural ecosystems', Allelopathic effects
on crop growth and development have been

reported in perennial weeds**®, and annual

1~4.7.8,10,11.17,23.25.27) Severa] Of the compo-

weeds
unds, chlorogenic acid, isochlorogenic acid,
p-coumaric acid, gallic acid, tannic acid, and
p-hydroxybenzoic acid were isolated. Vel-
vetleaf, a commom weed in soybean field, has
been suggested to have an inhibitory effect on
soybean”. A number of extracts from the
plant material of velvetleaf produce observ-
able effects on growth and development of
soybean in the laboratory and suggest that
there is a high probability of allelopathic in-
: 12 Root residue of giant foxtail®®,
crabgrass'® canada thistle®?” inhibited the

growth of corn. Bell and Koeppe® exhibited

terference

that height, fresh weight, and dry matter
accumulations of corn were inhibited by the
exudates of mature giant foxtail roots, lea-
chates of dead roots, and leachates of whole
plant residues.

The successful establishment of alfalfa, a
major source of high protein forage, depends
upon adequate control of competing veg-
etation, and this 1s important for no-till
seedlings®, Aqueous extracts of quackgrass
(Agropyron repens L.) shoot and root material
have been reported to inhibit the growth of al-
falfa'®, They observed that alfalfa is more af-
fected by shoot than root extracts. Also, the
length of alfalfa seedlings was more sensitive -
to quackgrass extracts than was percentage of
germination, Shoot extracts were more inhibi-
tory to alfalfa seedling when quackgrass was
harvested at the vegetative stage than at
later stage.

However, little information is available on
the effect of weed extracts in establishing al-
falfa. When alfalfa stands deteriorate through
winter kill and disease, weeds become quickly
established and directly competitive for
growth resources, There have been no studies
reporting the effects of weed species extracts
on alfalfa.

Therefore, a laboratory experiment was con-
ducted to determine the allelopathic effects of
weed extracts on alfalfa seed germination and
seedling growth. The objectives of this exper-
iment were to evaluate the variation among
weed species and relative inhibitory effects of
seven different weed species top growth and
root extracts, to assess the toxicity of various
concentrations of velvetleaf top extracts and
to compare whether or not top growth and
root extracts of dried and fresh material in-
hibit germination and seedling growth of al- -
falfa in the laboratory.

Materials and Methods

1. Collection and preparation of weeds

—286—



Seven common weed species were collected
at vegetative including roots. All weeds were
separated into top growth (leaves + stems)
and roots. Excess soil was shaken from the
roots and residual soil and other adherents
were removed from the roots with a brush.
The roots were not washed with water to
avoid losing any water soluble toxic
substances that might be present. The tops
and roots were divided into dry and fresh resi-
due. Half of the samples were air dried for 5
weeks under room temperature. The dried
roots and tops were ground in a Wiley mill to
pass through a 40 mesh screen. Ground
samples were stored in plastic bottles in a 5C
refrigerator until use. Undried tissue was
classified as fresh tops and roots, and used im-

mediately for extraction.

2. Top and root extracts

The top (leaves+stems) and root extracts
of the seven different weed species were
extracted by shaking 5g dried plant materials
with distilled water at 24°C room temperature
for 24h in 250ml] Erlenmeyer flasks, Extracts
were filtered through filter paper (Whatman
No. 42) and 0.2um Nalgene filterware unit
(Becton and Dickinson Labware, Lincoln
Park, NJ) to prevent fungal contamination
during the experiment. Alfalfa seeds, 20g
(WL-320), were surface sterilized with 10:1
ratio (water: Clorox) for 5min, then rinsed
with distilled water. One hundred sterilized
seeds were placed in each heat sterilized 9cm
petri-dish with a filter paper (Whatman No.
4), Extract (10ml) was added to a petri dish.
Distilled water was used as a control. The
petri dishes were placed in a 25°C room. Ger-
mination was recorded daily for 4d at 24h
intervals. To avoid confusion, a seed was con-
sidered to be germinated only when the rad-

icle totally protruded from the seed coat. Rate
of germination was calculated by dividing the
number of germinating seed each day by the
number of days and adding the values'’. Seed-
ling vigor(SV) was calculated by multiplying
to total seed germination and radicle length?’.
After 5d, radicle and hypocotyl length were
measured and plants were separated into
cotyledons, hypocotyl, and radicle parts to de-
termine dry weight.

The samples were dried in a forced air oven
at 70°C for 6h. Each treatment including con-
trol was replicated 4 times using a total of 32
petri dishes in a completely randomized design
and the experiment was repeated three times.
Seedlings (10) were randomly chosen from
each petri dish and measurements used for
statistical analysis by Statistical Analysis Sys-
tem (SAS) program®. The means were
separated on the basis of least significant dif-
ference (LSD) at the 0.05 probability level.

3. Study with different extraction level

Another experiment was conducted using
water extracts of velvetleaf in petri dishes.
Since velvetleaf has the largest effect on al-
falfa seed germination and seedling growth as
based on top extract results, the inhibition by
velvetleaf extract concentration was studied
in more detail.

Rates of 0, 5, 10 and 15% were prepared by
soaking dried ground top residues with at 24°C
room temperature for 24h in 250ml Erlenmeyer
flasks. Extracts were filtered through filter
paper (Whatman No. 42) and 0.2.4n Nalgene
filterware unit. Each treatment {concen-
tration) was replicated four times in a com-
plete randomized design and the experiment
was repeated three times. The means were
separated by least significant difference
(LSD) at the 0.05 probability level.
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4. Dried and fresh residue extracts

This experiment was to determine which
extracts of dried and fresh velveleaf would
more inhibit germination and seedling length
of alfalfa seed. This experiment was done in
petrt dishes using aqueous extracts of fresh
tops and roots plus dried tops and roots of
velvetleaf at 5% (w/v). The dry extracts
(5g) were prepared as described above. The
fresh tops and root extracts of the velvetleaf
were extracted by homogenizing 5g of plant
material in a blender with 5ml distilled water
for 15min, Plant material was washed with
distilled water and extracts of 5% concen-
tration were made on a fresh weight basis.
These extracts were filtered through four
layers of cheese cloth, and centrifuged at a
low speed (3000rpm) for 4h., The supernatant
was filtered through 0.2.m Nalgene filterware
unit (Becon Dickinson Labware, Lincoln Park,
NJ). Each treatment
replicated four times in a randomized com-

(plant part) was

plete block design and the experiment was re-
peated twice. The means were separated by
least significant difference (LSD) at the 0.05
probability level,

5. Effect on alfalfa survival percentage

The effects of dried velvetleaf residues on
alfalfa survival were determined in the follow-
ing manner. Velvetleaf weed grown in the
field was harvested at the vegetative stage.
The harvested samples were air-dried at the
room timperature (24°C). Dried samples were
ground using a Wiley Mill with silica sand
(500g) at 0.0, 0.25, 0.5, 0.75 and 1.0% (w/w).
Fifty sterilized alfalfa seeds (WL-320) were
planted uniformly lcm deep in each pot. Each
pot was placed on a brown plastic saucer in
the green house and covered with moistened
filter paper to reduce water loss. Hoagland

solution I was added to the saucers as needed
to maintain moisture for seed germination. A
residue treatment was used as control, Also,
the percentage of alfalfa seedling emergence
was counted at 10 DAP. A second count was
done 20 DAP when cotyledons were extended.
Four replications each residue treatment were
arranged in a completely randomized design.

Results

1. Top and root extracts

Germination percentage, seedling length
and weight, vigor and germination rate as af-
fected by weed top and root extracts are
presented in Tables 1 and 2. Top and root
extracts of the seven different weed species
significantly reduced germination, seedling
length, weight and vigor and germination rate
of alfalfa compared to the control. Top growth
extraction was more inhibitory than root ex-
traction. Among the different weed species
studied, velvetleaf had the greatest effect on
germination, seedling length and weight, seed-
ling vigor and rate of germination on alfalfa,
This trend was follwed by giant foxtail.

Germination percentage, radicle and hypo-
cotyl length and cotyledons, radicle and
hypocotyl weight, vigor and rate of germi-
nation of alfalfa were significantly inhibited
by top and root extracts of both velvetleaf
and giant foxtail. The extraction of large crab-
grass was found to have the least allelopathic
effect on alfalfa.

Regression equations for germination of all
weed species top growth extraction are
presented in Table 3. The slope of the re-
gression line varied for different weed species,
This indicates that alfalfa germination res-
ponded differently to each weed species ex-
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Table 1. Allelopathic effects of dry top growth extracts from various weeds on alfalfa germi-

nation, seedling growth and weight, seedling vigor, and rate of germination

Weed species GP! RL! HL! CW! RW! HW! Svt RG?
ver Of vet enisraensiis CITL sreserrerers sesvessestercusens INE  sesererenesesesen
Canada thistle 74.0 2.3 2.9 1.08 0.33 0.53 170.20 46.38
Crabgrass 78.3 2.5 3.1 1.15 0.33 0.70 195.20 32.63
Giant foxtail 63.8 1.8 2.6 0.85 0.23 0.48 96.5 22.17
Lambsquarter 53.8 1.8 2.6 0.93 0.23 0.50 96.72 28.23
Pigweed 71.5 2.1 2.8 1.03 0.30 0.53 150.15 36.81
Velvetleaf 52.0 1.7 2.4 0.75 0.15 0.43 95.87 22.80
P.knotweed* 69.5 1.9 2.7 0.93 0.23 0.53 134.07 34.98
Control 89.0 3.8 3.4 1.50 0.50 0.80 335.95 61.38
LSD(0.05) 10.15 0.10 0.12 0.07 0.07 0.06 21.79 4.80
CV(%) 10.26 3.19 2.87 4.88 15.64 7.07 9.37 9.07

* Prostrate knotweed.
IGP; Germination percentage, RL: Radicle length, HL: Hypocotyl length, CW: Cotyledons weight, RW:

Radicle weight, HW: Hypocotyl weight, SV: Seedling vigor, RG: Rate of germination.

Table 2. Allelopathic effects of dry root extracts from various weeds on alfalfa germination, seed-
ling growth and weight, seedling vigor, and rate of germination

Weed Species GP! RL! HL* CwW! RW! HW! A RG!?
IR RTINS PPIRIN o) ¢ s SRTSRCTRTIRTPINPITRITPTPTPTRTTRITES ¢ oV SUNETTRITEPVRITEPIRIT

Canada thistle 77.3 2.5 2.9 1.18 0.35 0.60 195.22 47.23
Crabgrass 80.0 2.6 3.1 1.20 0.35 0.83 206.30 40.42
Giant foxtail 69.3 2.2 2.7 0.95 0.25 0.53 152.35 45.54
Lambsquarter 69.5 2.2 2.8 1.00 0.30 0.53 154.85 36.96
Pigweed 71.8 2.5 2.9 1.13 0.33 0.58 178.90 34.19
Velvetleaf 55.5 1.9 2.7 0.80 0.20 0.40 105.40 26.50
P.knotweed * 71.8 2.3 2.9 1.10 0.33 0.58 167.00 46.88
Control 89.0 3.8 3.4 1.50 0.50 0.80 335.95 61.38
LSD (0.05) 10.79 0.17 0.12 0.09 0.08 0.07 24.82 6.81
CV (%) 10.13 4.54 2.82 5.38 16.01 8.12 9.10 10.99

* Prostrate knotweed.
'GP: Germination percentage, RL: Radicle length, HL: Hypocotyl length, CW: Cotyledons weight, RW:
Radicle weight, HW; Hypocotyl weight, SV: Seedling vigor, RG: Rate of germination.

Table 3. Total germination of alfalfa as a func-
tion of increasing extract concen-
tration (0, 5, 10, 15%) using seven
weed species top extracts

Weed

Regression equation

RZ

species Y=a-+bx

Canada Thistle Y=88.68—2.59x 0.82
Crabgrass Y=89.93—2.39x 0.88
Giant foxtail Y=81.35—3.50x 0.82
Lambsquarter Y=83.28—3.40x 0.76
Pigweed Y=89.50—3.43x 0.95
Velvetleaf Y=81.08—-3.69x 0.87
P.Knotweed * Y =87.68—3.42x 0.90

* Prostrate knotweed

tract. Velvetleaf (b=3.69) had highest re-
gression value followed by giant foxtail. These
species were comparatively the most inhibi-
tory for alfalfa germination.

2. Study with different extraction levels
Significant reduction in total germination,
seedling length and weight of alfalfa was
observed as the extract concentration increa-
sed to 15% (Fig. 1, 2 and 3). Such a reduction
response was concentration-dependent.
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Fig. 1. Effect of dried top velvetleaf extract
concentration on the radicle and
hypocotyl length of 4 day old alfalfa
seedling.

The highest extract concentration of velvet-
leaf, 15% reduced germination, total seedling
length and weight of alfalfa, by 64%, 61% and
53% respectively, when compared to the con-
trol.

3. Dried and fresh residue extracts

Extracts of dried and fresh top growth and
roots of velvetleaf significantly reduced the
germination percentage, seedling length and
weight, and germination rate in this study
when compared to control (Table 4). Germi-
nation percentage and rate of germination of
dry (root) and fresh (root) part extracts were
56%, 61% and 27, 33 respectively. Also,
exfracts of fresh tops and roots had the same
effects on percentage germination and rate of
germination. Dried top growth and root
extracts resulted in a 38%, 42% inhibition of
germination percentage and fresh top growth
root extracts inhibited percentage germination
by 33%, 32% as compared to control,

The rate of germination was significantly
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Fig. 2. Effect of dried top velvetleaf extract

concentration on the seedling weight of
4 day old alfalfa seedling.
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Fig. 3. Effect of dried top velvetleaf extract
concentration on alfalfa germination
percentage,

different between dried and fresh extracts.
Also, dried top growth and root extracts
resulted in a similar germination percentage,
but dried root extract treatment resulted in a
slightly faster germination and emergence
than fresh top and root extracts as indicated
by the higher germination rate.
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Table 4. The effect of velvetleaf fresh and
dried top and root extracts on germi-
nation, seedling length and weight,
and germination rate

Germination Seedling Seedling Germination

Treatment

percentage length weight rate

(%) (cm) (mg)

Dried root 55.5 4.6 1.40 26.5
Dried top 59.0 4.1 1.33 22.8
Fresh root 60.5 5.0 1.83 32.9
Fresh top 59.8 4.4 1.58 29.7
Control 89.0 7.1 2.80 61.38
LSD (0.05) 7.65 0.22 0.08 4,18
CV (%) 7.99 2.96 2.98 8.01

Seedling length and dry weight of alfalfa
were inhibited by dried and fresh top growth
and root extracts. The dried extracts were
more inhibitory to the seedling weight than
fresh extracts unlike the germination percent-
age and rate. The dry weight inhibition was
greater than that of seedling length. The dry
weight reduction was 53% of the control under
the dried top growth extract treatment, but
was only 30% with fresh tops extracts.

4. Effects on aifalfa survival percentage

The percentage of alfalfa seedling emerg-
ence and survival as affected by velvetleaf
residues are presented in Table 5. The per-
centage of seedling emergence and seedling
survival after emergence was inhibited by
velvetleaf residue silica sand mixture, as the
residue rate increased. The apparent expla-
nation is that toxic substances are released di-
rectly from the velvetleaf residue or their in-
direct release through the interaction of some

microbes and residues.

Discussion

Allelopathy has been reported to exist be-

Table 5. Emergence and survival percentage
of alfalfa seedling by the different
velvetleaf residue treatment

Residue Emergence Survival

(w/w, %) (10DAP) (20DAP)
0.0 67.0a 85.5a
0.25 61.5b 77.9ab
0.5 49.3cd 72.0b
0.75 51.3c 67.7bc
1.0 44.0d 56.7¢

tween numerous species. Data presented here
suggests that allelochemicals are present in
the seven different weed species studied using
both dried and fresh top growth and root
extracts on alfalfa (Tables 1, 2, 4 and Figures
1, 2, and 3). Results indicate that there is
variation in allelopathic activity among the
weed species studied.

Differential responses are supported by lin-
ear regression equations (Table 3). The vel-
vetleaf species had the greatest slope (b=3.
69) and appeared to be the most inhibitory to
alfalfa, whereas large crabgrass had the low-
est slope value (b=2.39), and thus the least
inhibitory among the weed species studied.

Also, alfalfa seeds treated with top growth
extracts from different weeds had a greater
effect than root extracts on germination, seed-
ling length and weight, and seedling vigor of
alfalfa species. These results are similar to
those of Boner®, Bieber and Hoveland®, Muir
and Majak™, and Smith?*’. Borner® pointed
out that massive exudation of chemicals from
plant leaves rather than roots ususlly occur in
plants. Bieber and Hoveland® reported that
extracts from aerial portions of six field crops
and four weed species were more inhibitory
than those from roots, Muir and Majak®
reported that the degree of inhibition exhi-
bited by root extracts was less than shoot
extracts. Smith® reported that leaf extracts
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of bitter sneezeweed (Helenium amarum L.)
were more phytotoxic than stem extracts, and
root extracts. Such results suggest that dif-
ferent weed species contain different amounts
of water soluble inhibitors.

While root extracts may either contain
fewer or less potent chemicals or have lower
concentrations of allelochemicals, leaves™?
and stems' contained more inhibitory compo-
unds. Putnam™ reported that specialized
trichomes on the stems and petioles of
velvetleaf plants release toxic chemicals. This
study concludes that extracts of top growth
result in more inhibitory activity than root
extracts.

Results obtained in the concentration study
of dried-velvetleaf extracts were similar to
', Velvetleaf

extracts inhibited the germination, seedling

that of previous investigations"

length and weight of alfalfa as the concen-
tration rate increased. Velvetleaf residue
treatment inhibited alfalfa seedling emergence
and survival percentage as the residue rate
increased (Table 5). The response was prob-
ably dependent upon allelochemicals in the
extracts of velvetleaf,

In this study, dried top growfh aqueous
extracts had a greater effect on germination,
seedling length and weight of alfalfa than
fresh aqueous extracts. The differences be-
tween dried and fresh extracts may be either
a release of inhibitory substances when the
plant tissue and cells were ruptured during
drying process, or the drying process may
have converted one or more nontoxic
compounds into toxic compounds.

Total germination percentage does not pro-
vide a complete measure of the effect of toxic
substance (Table 4). When germination rate
was examined, it showed that germination of
seed treated with fresh extracts was faster

than seed treated with extracts of dried
extracts even though no statistical difference
was found in total germination percentage be-
tween two treatments. Germination rate under
field conditions with various weeds could be a
significant factor in the natural environment,
Germination, seedling length and weight were
more inhibited by dried velvetleaf top growth
extract than by other treatments, As pre-
viously noted, these results assume that more
inhibitory substances are produced from
velvetleaf top growth tissue than from roots.
The greatest reduction in seed germination,
seedling growth and weight occured when al-
falfa seeds were treated with dried top
extracts, followed in order by extracts of dried
root, fresh tops, fresh roots and distilled
water,

wm =

XA A F2 B stE velvetleaf®s

b 835t AR 2 5R2 Uro] 24
FZ& o]EL alfalfa Fx} wolo} MSAHE 2F

oA Abgste] x)gRel XERe AYSAANPEE

Hlmstgom o] 3 A ax7t Ad Z velvet-

leafe] & 88 o iEi silica sand ¢} &35t

o alfalfacl tj & el a-8-8 AESY

1 757 B2 Agret xlo}Tq 228 Hele
alfalfas) Wobg, Wold, §29] o), =A =
< JAAZACE AGRel XER] A aRE
H2EHE XAF-o] FEF0] At F2E
B o] 2 E3ES 2o, o] Fdi
velvetleaf FZ&Eo| 71 Ao, crab-
grass F+EEL 714 & A9 A= S By
I  alfalfa ol {29 AS dg
velvetleafe] AR 223 4 FE5& Yy
FEPE A2 FEE0] 1 AAF oA},

2. %0 WEE velvetleaf &8 AgoAj=

—292 -



TE7t F7F €45 alfalfa Bolg, §29 2
o], BAl To] dlxe vlusle Hulzoez
o] A = At

. AZ2H velvetleaf &7]1E silica sand$} E&3#]
oA 7719 vl go] F7t A E alfalfadl &
HEH &g o JAHYLH 1 Hx e 3
7] ¥1& 1% A 7178 A F oYt

. Bz2e FE2ET 279 Ml alfalfad) wo}
o A Fol| A H o2 g st gAHgoe] <
A=At

Literature Cited

I.S., and E.L. Rice. 1982
Allelopatic effects of Polygonum aviculare L

. Alsaadawi,

II. Isolation, characterizat_ion, and biologi-
cal activities of phytotoxins, J. Chem,
Ecol. 8:1011-1023.

. Alsaadawi, 1.S., E.L. Rice, and T.K.B.
Karns. 1983. Allelopathic effects of Poiy-
gonum aviculare L. 1. Isolation, characteri-
zation and biological activities of Phytoto-
xins other than phenols. J. Chem. Ecol.
9:761-775.

. Bell, D.T., and D.E. Koppe. 1972
Non-competitive effects of giant foxtail on
the growth of corn. Agron. J. 64:321-325.

. Bhowmik, P.C., and J.D. Doll. 1983.
Growth analysis of corn and soybean re-
sponse to allelopathic effects of weed
residues at wvarious temperatures and
photosynthetic photon flux densities. J.
Chem:9:1263-1280.

. Bieber, G.L., and C.S. Hoveland. 1968.
Phytotoxicity of plant materials on seed
germination of crown vetch (Coronilla
varia L.). Agron. J. 60:185-188.

. Borner, H. 1960. Liberation of organic

substances from heigher plants and their

role in the soil sickness problem. Bot,

10.

11.

12.

13.

14.

15.

16.

—-293—

. Drost,

Rev. 26:393-424.

. Caussanel, J.P. 1979. Non-competitive ef-

fects between lambsquarter (Chenopodium
album L.) and maize (INRA 258). Weed
Res. 19:123-155.

. Colton, C.E., and E.A. Einhellig. 1980.

Allelopathic - mechanisms of velvetleaf
(Abutilon theophrasti Medic.,, Malvaceae)
on soybean. Am. J. Bot. 67(10):1407-1413.
D.C,, and J.D. Doll. 1980. The
allelopathic effect of yellow nutsedge
(Cyerus esculentus) on corn (Zea mays) and
soybean (Glycine max). Weed Sci.
28:229-233.

Elmore, C.D. 1980. Inhibition of turnip
rapa) seed germination by
velvetleaf (Abutilon
Weed Sci. 28:658-660.
J.B., and L.G. Holm. 1964.

Chemical inhibition of crop germination by

(Brassica
theophrasti)  seed.
Gressel,

weed seeds and the nature of inhibition by
Abutilon theophrasti. Weeds Res. 41: 44-53,

Guenzi, W.D,, and T.M. McCalla. 1962.
Inhibition of germination and seedling de-
velopment in crop residues. Soil Sci. Soc.
Am. Proc. 26:456-458.

Khosh-Khui, M., and A. Bassiri. 1979. In-
hibition of seedling growth with wild
myrtle (Myrtus communis L.). Weed Res,
19:45-50.
Maguire, J.D. 1962. Speed of germi-
nation-aid in selection and evaluation for
seedling emergence and vigor, Crop Sci.
2:176-77.

Muir, A.D., and W, Majak. 1983.
Allelopathic potential of diffuse knapweed
(Centaurea diffusa) extracts., Can. J. Plant
Sci:989-996.

Ohman, J.H. and T. Kommedahl. 1960.
Relative toxicity of extracts from vegetat-
to alfalfa.

ive organs of quackgrass



17.

18.

19.

20.

21.

22.

Weeds. 8:666-670.

Parenti, R.L., and E. L, Rice. 1969. Inhi-
bition effects of Digitaria sanguinalis and
possible role in ole-field succession. Bull.
Torry Bot Club. 96:345-360.

Putnam, A.R. 1985. Allelopathic research
on agriculture:Past Highlights and Poten-
tial. pp. 1-8. In A.C. Thompson (Ed.),
The chemistry of allelopathy. American
Chemical Society, Washington, D.C.
Putnam, AR. and W.B. Duke. 1978.
Allelopathy in agroecosystem, Ann. Rev
Phytopathol. 18:431-451.

Rice, E.L. 1984. Allelopathy, 2nd ed. Aca-
demic Press, Inc., Orlando, FL. pp. 422,
Rizvi, S.J.H., G.P. Mishra, and V. Rizvi.
1989. Allelopathic effects of nicotine on
maize I. Its possible importance in crop ro-
tation. Plant and Soil. 116:289- 291.

SAS Institute. 1985, SAS user guide: 5th

23.

24.

25.

26.

27.

—294—

ed. SAS Institute, Cary NC,

Schreiber, M.M,, and Jr. W.L. Williams.
1967. Toxicity of root residue of weed
grass species. Weeds. 15:80-81.

Smith, AE. 1989. The potential allelo-
pathic characteristics of bitter sneeze
weed (Helenum amarum). Weed Sci. 37:
665-669.

Stachon, W.J., and R.L. Zimdahl. 1980.
Allelopathic activity of Canada thistle
(Cirsium arvense) in Colorado, Weed Sci.
26:83-86.

Tesar, M.B.,, and J.A. Jackobs.
Establishing the stand. pp. 415-435.
In L.H. Hanson, ed Alfalfa Science and
Technology, Am. Soc. Agron,, Madison,
WI,

Wilson, Jr. R.G. 1981. Effect of Canada
thistle (Cirsium arvense) residue on growth
of some crops. Weed Sci. 29:159-164.

1972.



