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ABSTRACT

Environmental concerns arising from synthetic herbicides in plant management systems
have led to an interest in plant-derived compounds as natural herbicides. Inhibitory effects
of compounds extracted with 50% methanol from com (Zea mays L.) and pine {Pinus
densiflora L.) were evaluated on large crabgrass (Digitaria sanguinalis (L.) Scop.), annual
bluegrass (Poa annua L.), radish (Raphanus sativus L.), and perennial ryegrass (Lolium
perenne L) The aqueous extracts inhibited seed germination and had postemergence
activity on the four species. The stability of biological activity of corn grain, stover, and
root extracts was not affected by heating to 1357 or freezing/thawing treatments when
applied at levels above 0.25 kg m™” based on dry weights of powders before extraction.
Heating reduced the activity of pine litter and bark extracts at all levels except the highest
application level but had little effect on pine needle extracts.
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INTRODUCTION

Synthetic pesticides are a major component of agricultural, forestry, and turfgrass
management systems (Balogh and Anderson, 1992). The growing concern over environ-
mental and public health consequences of agricultural chemical use has stimulated
interest in the search for new, environmentally safe herbicides (Lydon and Duke, 1987).
Naturally-occurring biocactive herbicidal compounds, particularly those shown to be

nontoxic, would be useful in integrated weed-control programs. The use of natural
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pesticides may help to change the traditional approaches to agricultural science and
development of sustainable systems (Lovett, 1991).

Potential sources of natural herbicides are extracts from corn or pine. It has heen
found that corn gluten meal contains biclogically aclive compounds, and gluten meal is
used as a natural preemergence control of weeds in turf (Christians, 1993; Liu and
Christians, 1994a, 1994b, 1996a, 1996b). It alse has been reported that Pinus spp. have
allelochemical effects on understory plants (Rice, 1995).

The objectives of this study were to investigate preemergence and postemergence
herbicidal activity of extracts of corn and pine on four plant species. The stability of the

compounds following heating and freezing was also evaluated.

Materials and Methods

Bioactivity experiments

Mature corn grain, stover, and root parts were harvested for petri dish and pot test.
Pine needles in the green leaf stage, bark, and pine litter were also used. The materials
were dried at 60T for 72 h and ground to a powder with a particle size<1 mm. The

separate powders of corn and pine were dissolved for 24 h in 50% methanol and filterad

through Whatman™

vacuum evaporated at room temperature leaving a concentrated agueous extract of each

No.3 (0.2- pm) filter paper. The methanol mixture solution was

of the plant materials.

In the first test, bioassays were conducted using the concentrated extracts on large
crabgrass, annual bluegrass, radish, and perennial ryegrass. For this test, the grain,
stover, and root components were combined in equal parts to form the corn extract, and
the needle, bark, and litter extracts were combined in equal parts to form the pine
extract. The extracts were applied at 0 (control), 0.5, and 1.0 kg m? based on dry
weights of the powders hefore exiraction. One hundred seeds of each species were placed
on one layer of Whatman™ No.3 filter paper in 55-mm diameter petri dishes. The
treatments were applied in distilled water, and the petri dishes were covered with a lid
and parafilm and placed in a controlled environmental chamber at 27 with a 12-h
photo period. Germination rates were evaluated in each petri dish after 10 4.

In the second assay, seedlings of perennial ryegrass at the one- and two-leaf stage of
development were placed on the filter paper. The one-leaf stage was defined as a selected
seedling with one leaf shorter than 20 mm, and the two-leal stage was defined as a
selected plant with at least two leaves that were 20 mm or more in length. Separate
aqueous extracts of grain, stover, and root from corn and needles, bark, and litter from

pine were applied to the filter paper at 0 (control), 0.5, and 1.0 kg m” levels based on
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dry weights of the powder befaore extraction. Data on the elongation of leaves and roots
were collected after 15 d and expressed as a percentage inhibition of growth compared to
the control [100x{Length of control-length of treated plant) / length of control].

Temperature stability

The separate aqueous corn extracts from corn grain, stover, root, and pine extracts
from needles, bark, and litter were tested for temperature stability. The extracts were
prepared in the same way as described in the bioactivity experiments, The extracts from
each part of corn and pine were autoclaved at 1357T for 20 min, at 140 Kpa pressure.
The exiracts were also subjected to freezing and thawing at -10 and 25T three times
over a 15-h period. One hundred seeds of perennial ryegrass were placed on one layer of
Whatman™ No.3 filter paper in 55-mm diameter petri dishes. The extracts were applied
at 0 (control), 0.25, 0.5, and 1.0 kg m™ based on dry weights of the powder before
extraction. Germination rates were evaluated in each petrl dish after 10 d under the

same controlled environmental conditions as the bioactivity experiments,

Pot experiments

Plastic pots with a 28.3-cm” surface area were filled with clay loam soil, and 50
perennial ryegrass seeds were placed on the surface and covered with 2 mm soil.
Treatments included the ground powder of corn grain, stover, root, and pine needles that
had not been extracted and the extracts from each of these materials at O (control) and
0.5 kg m* based on dry weights of the powder before extraction. In this experiment,
distilled water was used for the extraction in place of the 50% methanol.

The pots were covered with polyethylene and cultured for 20 d in a controlled
environmental chamber at 277 with a 12-h photo period. Germination rates and dry
weight yield were evaluated in each pot after 20 d.

Statistical analysis

All experiments were conducted as randomized complete blocks with three replications.
Data were analyzed by using the analysis of variance (ANOVA) procedure of SAS (SAS
Institute, 1990).

Results and Discussion

Bioactivity experiments
The corn extract reduced germination of the large crabgrass, annual bluegrass, radish,

and perennial ryegrass by 100, 97, 86, and 100%, respectively, at the 0.5 kg m? level
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Table 1. Effect of corn and pine agueous extracts on the germination of four species.

. Species
Material Level_g Large Annual Radish Rerennial
(kg m*) crabgrass bluegrass ryegrass
S e % Germination - -- - oo

Control 0 51 96 24 93
Corn 0.5 0] 3 16 0

1.6 0 0 3 0
Pine 05 24 10 8 3

1.0 6 0 3 0
LSDc.s 3 3 3 3

ANOVA

Source of variation df Pr>F
Replication 2
Species 3 0.0001
Material 1 0.0043
Level 2 0.0001
Species x Material 3 0.0003
Species x Level 6 0.2358
Material X Level 2 0.0027
Species X Material X Level 6 0.0202

“Based on dry weights of the powders before extraction.

(Table 1). The 1.0 kg m? level reduced germination of the large crabgrass, annual
bluegrass, and perennial ryegrass by 1000, whereas radish germination was reduced by
97% at that treatment level.

The pine extract was less effective on every monocotyledonous species except radish
which is a dicotyledon, Only annual bluegrass and perennial ryegrass germination was -
reduced by 100% at the 1.0 kg m? level of the pine extract. The 0.5 kg m? level reduced
germination of all species, although none was reduced by 100% at that treatment level.

The corn grain, stover, and root extracts reduced the shoot growth of perennial
ryegrass in the one-leaf stage by an average of 91% (Table 2). The corn extracts were
less effective on the perennial ryegrass shoots in the two-leal stage than those in the
one-leaf stage. Root length of the perennial ryegrass was reduced an average of 95% by
the three corn components at the one-leaf stage and by 94% at the two-leaf stage.

The pine leaf extract reduced the shoot growth of perennial ryegrass in the one- and
two-leaf stage by 96 and 93% and reduced root growth by 97 and 98% (Table 2). The
pine litter and bark extracts were very effective at reducing shoot growth of plants in
the one-leaf stage but were less effective on plants in the two-leaf stage. The extracts of

these two materials were equally effective at reducing root elongation of plants in the
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Table 2. Effect of corn and pine extracts” on the shoot and root length of perennial ryegrass seedlings
at the one- and two-leaf stage of development,

% Growth inhibition”

Shoot length Root length
Material Part extracted One-leaf * Two-leaf * One-leaf Two-leaf
Corn Grain 93 68 95 94
Stover 91 51 96 94
Root 89 45 95 94
L8Doos NS 20.1 NS NS
Pine Green leaf 96 93 97 98
Litter 93 27 99 20
Bark 93 49 97 29
LSDg g5 NS 25 NS 4

"Extract rate applied of 0.5 kg m™ based on dry weights of the powders before extraction.
[{Length of control-length of treated plant) / length of control] x 100.
*Defined as perennial ryegrass seedling with one leaf shorter than 20 mm.

"Defined as perennial ryegrass seedling with two leaves longer than 20 mm.

one- and two-leaf stages.

The bicactivity study indicates that there are biologically active substances in both

corn and pine that can be extracted with methanol. These materials were effective in

inhibiting the germination of both dicotyledonous and monocatyledonous species.

Temperature stability

There was a significant temperature-by-rate interaction for the effect of corn and pine

Table 3. Analysis of variance for the effects of corn and pine extracts treated with high and low
temperature on the germination of perennial ryegrass.

Material Source of variation df Pr>F

Corn Replication 2
Temperature 2 0.0529
Part extracted 2 0.0921
Temp. x Part 4 0.1348
Rate 3 0.0001
Temp. ¥ Rate 6 0.0002
Part x Rate 6 0.1842
Temp. X Part X Rate 12 0.1065

Pine Replication 2
Temperature 2 0.1342
Part extracted 2 0.0064
Temp. x Part 4 0.2628
Rate 3 0.0001
Temp. X Rate 6 0.0043
Part X Rate 6 0.0002
Temp. x Part X Rate 12 0.0155
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extracts on the germination of perennial ryegrass (Table 3). The germination of the
perennial ryegrass treated with corn grain extracts at the 0.1 kg m” level increased from
6 to 16% when the extracts were heated to 135 and from 6 to 60% when the extract
was subjected to freezing and thawing treatments (Table 4). At higher treatment levels,
heating did not reduce biological activity. There was no effect of freezing and thawing
above the 0.25 kg m™ level. The effectiveness of corn stover extract was reduced by
freezing and thawing at the 0.1 kg m™ level only and was unaffected by heating.

The effectiveness of the pine needle extract was reduced by heating and cold tempera-
ture treatments at the 0.1 kg m? level only. The activity of pine litter and bark extracts
were reduced by heating at all levels except 1.0 kg m®, The effectiveness of the pine litter

and bark extract was reduced at the 0.1 kg m? level by the high temperature treatments.

Table 4. Effect of corn and pine extracts teeated with high and low temperatures on the germination
of perennial ryegrass™.

Part Level” ' Treatment
extracted (kg m?) No temp. treatment Heating” Freezing/thawing”
-------------------- hGermination----------------mom-
Corn grain 0.10 6 16 60
0.25 0 0 19
0.50 0 0 0
1.00 0 0 0
Corn stover 0.10 0 0 41
0.25 0 0 0
0.50 0 0 0
1.00 ¢ 0 0
Corn root .10 0 1 o]
0.25 0 0 0
0.50 0 0 0
1.00 0 0 0
Pine needle 0.10 0 7 5
0.25 0 0 0
0.50 0 0 ¢
1.00 0 0 0
Pine litter 0.10 8 16 4
0.25 3 12 3
0.50 0 9 1
1.00 0 0 0
Pine bark 0.10 12 52 4
0.25 13 11 3
0.50 0 12 0
1.00 0 0 0
LDSo05 5 5 4

*The germination rate of the untreated control was 95+ 2%.

*Based on dry weights of the powders before extraction.

*Means the sample autoclaved at 135T for 20 min.

“Means the sample treated three times at -1/25T, 15 h alternatively.
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The inhibitory substances in both corn and pine are effective in reducing both shoot
and root formation of perennial ryegrass. All materials were generally more effective on
the inhibition of roots than shoots. The inhibition of shoot growth reduced as the plant
matured. The extract of pine needles was more effective than litter and bark on the
inhibition of growth of perennial ryegrass in the two-leaf stage, indicating that either
different compounds are present in the needle extract or the compounds are present in

higher concentrations in the needles.

Pot experiments

The powder treatment and the aqueous extracts from corn grain and pine needle had
an inhibitory effect on germination and dry yield of perennial ryegrass (Table 5).
Germination rate was reduced 87% by the corn grain aqueous extract but was reduced
only 20% by the corn grain powder. Similar effects of the corn grain extract and powder
were observed on dry weight production which was reduced by 89 and 20%, respectively.
The extracts of corn stover and corn root and the ground powders of these two materials
were less effective at inhibiting both germination and tissue growth., The ground powder
of the stover was less effective than the extract in reducing tissue growth, and the
powdered root was less effective at reducing germination than was the root extract.
There were no differences between the pine needle extract and the ground powder of the
pine needles on either germination or tissue growth.

The results of these tests indicate that there may be different inhibitory substances
found in the corn grain than are present in corn stover and root. The substances in

grain are evidently water soluble and can be easily extracted in aqueous solution. Liu

Table 5. Effect of corn and pine extracts on the germination and dry weight of perennial ryegrass’® in
the growth chamber pot test. Application rate of both powder and extracts was hased on the weight

of 05 kg m? of the powders before aqueous extraction,

Germination Yield
Part extracted Treatment inhibition iahibition
------------------------ % Inhibition -------meeemeeeee
Corn grain Extract 87 89
Powder 20 20
Corn stover Extract 46 50
Powder 42 7
Corn root Extract 52 41
Powder 34 23
Pine needle Extract 83 : 82
Powder 75 70
LSDuos 13 20

‘The germination of perennial ryegrass in the control was 77+6%{n=50). The dry weight
yield of perennial ryegrass in the control was 74+6 mg(pot surface area; 28.3 cm?),
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and Christians (1994b and 1996b) have previously reported that the protein fraction of
corn grain ‘contains several dipeptides and at least one pentapeptide capable of inhibiting
plant germination. The pine ﬁeedles contain an inhibitory substance equivalent in
activity to the corn grain extract. The nature of the inhibitory substance in the pine is
unknown; however, similar inhibitory activity has been reported in pine forest
understory by Kil (1989) and Kil et al.{1991). Future works will be conducted to isolate
and identify the biologically active compounds in these materials and tests will be

conducted to determine if they have potential for use as natural herbicides.
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