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Efficacy Comparison of Some New Natural-Product Herbicides for Weed-
Control at Two Growth Stages

Hussein F. H. Abouziena, Ahmad A. M. Omar, Shiv D. Sharma, and Megh Singh*

There is an urgent need to accelerate the development and implementation of effective organic-compliant herbicides that
are environmentally safe and that help the producer meet increasing consumer demand for organic products. Therefore,
greenhouse experiments were conducted to evaluate the effectiveness of acetic acid (5%), acetic acid (30%), citric acid
(10%), citric acid (5%) + garlic (0.2%), citric acid (10%) + garlic (0.2%), clove oil (45.6%), and corn gluten meal (CGM)
compounds as natural-product herbicides for weed control. The herbicides were applied to the broadleaf weeds
stranglervine, wild mustard, black nightshade, sicklepod, velvetleaf, and redroot pigweed and to narrowleaf weeds
crowfootgrass, Johnsongrass, annual ryegrass, goosegrass, green foxtail, and yellow nuwsedge. The herbicides were applied
POST at two weed growth stages, namely, two to four and four to six true-leaf stages. CGM was applied PPI in two soil
types. Citric acid {(5%) + garlic (0.2%) had the greatest control (98%) of younger broadleaf weeds, followed by acetic acid
(30%) > CGM > citric acid (10%) > acetic acid (5%) > citric acid (10%) + garlic (0.2%), and clove oil. Wild
mustard was most sensitive to these herbicides, whereas redroor pigweed was the least sensitive. Herbicides did not control
narrowleaf weeds except for acetic acid (30%) when applied early POST (EPOST) and CGM. Acetic acid (30%) was
phytotoxic to all broadleaf weeds and most narrowleaf weeds when applied EPOST. Delayed application until the four- to
six-leaf stage significantly reduced efficacy; acetic acid was less sensitive to growth stage than other herbicides. These results
will help to determine effective natural herbicides for controlling weeds in organic farming.

Nomenclature: Acetic acid; citric acid; citric acid (5%) + garlic (0.2%; Alldown); citric acid (10%) + garlic (0.2%;
Groundforce); clove oil (45.6%; Matran 1); corn gluten meal (CGM); annual ryegrass, Lolium multiflorum Lam.; black
nightshade, Solanum nigrum L.; crowfootgrass, Dactyloctenium aegyptium (L) Willd; goosegrass, Eleusine indica (L.)
Gaertn.; green foxuail, Setaria viridis (L.) Beauv; Johnsongrass, Sorghum halepense (L.) Pers.; redroot pigweed, Amaranthus
retroflexus L.; sicklepod, Senna obtusifolia (L) H. S. Irwin & Barneby; stranglervine, Morrenia odorata (Hook. & Arn.)
Lindl.; velvetleaf, Abutilon theaphrast: Medik; wild mustard, Brassica kaber (DC.) L. S. Wheeler; yellow nutsedge, Cyperus
esculentus L; clove, Syzygium aromaticum (L) Merr. & L. M. Perry; corn, Zea mays L.; garlic, Allium sativum L.

Key words: Acetic acid, Alldown, broadleaf weeds, citric acid, clove oil, corn gluten meal (CGM), Groundforce, Matran

II, narrowleaf weeds, soil type, vinegar, young weeds.

There is increasing public concern about food quality and
safety. Organic production is increasing, and there is very little
research support for this expanding production system
(Derksen et al. 2002). For example, certified organic crops
in the United States were grown on 161,000 ha in 1992, but
increased to 565,600 ha by 2003 (USDA 2005). Poor weed
control is often cited as a major reason for lower yields in
organic production (Gianessi and Reigner 2007; Peacock and
Norton 1990). Organic crop growers cited weed control as
their greatest difficulty in crop production (Stopes and
Millington 1991; Walz 1999) because they are not permitted
to use synthetic herbicides. Hand-weeding and cultivation are
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substitutes for herbicides at a greatly increased cost and with
reduced effectiveness (Boyd et al. 2006; Gianessi and Reigner
2007). Organic farmers may have to spend up to $2,500/ha to
adequately control weeds (Earthbound Organic 2006;
Gianessi and Reigner 2007). Recently, some natural herbi-
cides have been produced to control weeds, and the
ingredients have been reviewed and approved by the Organic
Materials Review Institute for their use in certified organic
production (Chase et al. 2004; Ferguson 2004; Young 2004).
However, few organically compliant herbicides exist, and even
fewer have been tested adequately (Boyd and Brennan 2006;
Curran et al. 2005).

Results of previous research indicated that corn gluten meal
(CGM), citric acid (5%) + garlic (0.2%; Alldown), clove oil
(45.6%; Matran II), citric acid (10%) + garlic (0.2%;
Groundforce), acetic acid (vinegar), and citric acid proved
effective as nonsynthetic hetbicides for controlling weeds
(Curran 2004; Law et al. 2006; Moran 2007; Preston 2003;
Quarles 1999; Smith 2006; Zdor et al. 2005). CGM has been
used successfully on lawns and high-value crops as a PRE
herbicide (Bingaman and Christians 1995; Nonnecke and
Christians 1993; Webber and Shrefler 2006). It must be
applied just before weed seed germination to be effective and,
at 1.61 t/ha, suppressed many common grasses and herba-
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Table 1. Summary of active ingredients, product concentrations, and sources used in experimental treatments.

Concentration used

Herbicide (active ingredients) Product name in spray solution Rate® Product source or manufacturer

L/ha
Acetic acid (5%) Household vinegar Undiluted 188 Heinz North America, Pittsburgh, PA; www.heinz.com
A%‘ct.xc aqd (50%) Acetic acid (60%) 30% 18.7  Ricca Chemical Company, Arlingron, TX; www.riccachemical.com
Citric acid (10%) Cirric acid Undiluted 188 Ricca Chemical Company, Arlington, TX; www.riccachemical.com
Cieric acid (5%) + garlic (0.2%)  Alidown Undilured 188 Summerset Products, Inc. Bloomington, MN; www.sumrset.com
Citric agld (10%) + garlic (0.2%)  Groundforce 10% 18.8  Abby Laboratories, Inc., Ramsey, MN; www.abbylabs.com
(}lovc oil (45.6%) Matran II 20% 37.5 EcoSMART Technologies, Franklin, TN; www.ecosmart.com
Corn gluten meal (CGM) Corn gluten meal (CGM) 400 g/m2 4t Bioweed, Environmental Factor, Oshawa, ON, Canada; www.

environmentalfactor.com

*Rate from the commercial product.

ceous weeds (Preston 2003). In addition, Gough and
Carlstrom (1999) reported that wheat (Triticum aestivum
L.) gluten meal inhibited growth in a number of weed species.
Acetic acid is an ingredient in several new herbicides on the
market today. Researchers in Maryland tested 5% and 10%
acetic acid for effectiveness in weed control (Anonymous
2002) and found that older plants required a higher
concentration of acetic acid to kill them. At the higher
concentration, control was 85 to 100%; however, the solution
at lower concentration (5%) burned off the top growth with
100% success. Citric acid (5%) + garlic (0.2%) and 20% of
Matran II (clove oil, 45.6%) provided more than 70% weed
control within the first week, but control decreased to less
than 60% by 3 wk after treatment (WAT; Chase et al. 2004).
Natural herbicides can be applied either as formulation
without carrier or mixed with different volumes of carriers in
the spray solution. In this respect, burning nettle (Urtica urens
L.) dry weight was reduced by 90% with 12 to 61 L clove oil/
ha, whereas 21 to 38 L clove oil/ha was required to reduce
common purslane (Portulaca oleracea L.) biomass to the same
level (Boyd and Brennan 2006). The herbicide efficacy varied
according to the growth stage of weeds and the herbicide
concentration in spray solution (Boyd et al. 2006; Smith 2004,
2006). Curran (2004) showed 99% control of redroot pigweed
(Amaranthus spp.) and velvetleaf (Abutilon theophrasti Medi-
cus) with 23 to 47% clove oil mixture in a spray volume of
281 L/ha or 12 to 23% clove oil mixture in a spray volume of
562 L/ha when weeds were less than 7.6 cm tall. Clove oil
effectively controlled broadleaf weeds when applied at high
concentrations but did not effectively control some grass
species (Boyd and Brennan 2006). Smith (2004) reported that
76 t0 93% and 97 t0 99.5% weed control was achieved with
10% and 20% clove oil, respectively, in a spray volume of
337 L/ha. Smith (2004) also noted that the best weed control
occurred on small weeds with 1 to 2 leaves. The present study
was undertaken to evaluate the efficacy of some nonsynthetic
herbicides on six broadleaf weeds and six narrowleaf weeds at
two weed growth stages and to examine the performance of
corn gluten meal as an herbicide in two soil types.

Materials and Methods

Greenhouse experiments were conducted at the Citrus

Research and Education Center (CREC), Lake Alfred, FL, to
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examine weed control efficacy of some nonsynthetic herbi-
cides on six broadleaf weeds as well as six narrowleaf weeds.
Natural herbicide treatments were applied to the broadleaf
weeds stranglervine, wild mustard, black nightshade, sickle-
pod, velvetleaf, and redroot, and to the narrowleaf weeds
crowfootgrass, Johnsongrass, annual ryegrass, goosegrass,
green foxtail, and yellow nutsedge.

A summary of the natural product herbicides and their
active ingredients used in this study are presented in Table 1.
Some tested herbicides, such as acetic acid (5%; household
vinegar), citric acid (10%), citric acid (5%) + garlic (0.2%),
and CGM are ready-to-use in concentration without dilution
or added to a carrier. Therefore, we used these herbicides
without dilution, at a rate of 188 L/ha plus 2 L/ha organic oil.
Matran Il (clove oil [45.6%]), acetic acid (50%), and
Groundforce (citric acid [10%)] + garlic [0.2%]) required
dilution.

Seeds were sown in plastic trays containing commercial
potting medium.' Plants were grown in the greenhouse under
natural daylight at 25/16 C day/night temperatures and at
70% * 5% relative humidity. The plants were watered and
fertilized with foliar fertilizer” containing 20-20-20 (N-
P,0s—K;0) to promote optimum growth. The broadleaf
plants reached heights of 3 to 5 cm and 6 to 10 cm and
grasses were 4 to 7 cm and 8 to 12 c¢m at the time of spray
application for early POST (EPOST) and late POST
(LPOST) treatments, respectively. Crop oil was added at
1% (v/v) for all herbicides, except CGM. Plants were sprayed
using a chamber track sprayer® fitted with a TeeJet 8002 flat-
fan spray nozzle,* delivering a 190 L/ha at 140 kPa pressure.
Each experimental unit was a tray, replicated four times and
arranged in a completely randomized-block design. For
CGM, the experiments were conducted using two different
soils: commercial potting medium and soil from citrus groves
at CREC. Citrus grove soil was collected from 0 to 10 em
depth between rows using a stainless steel probe along
transects established from a field that had not been treated
with herbicides. Soil composition was 97% sand, 1% silt, and
2% dlay (with a pH of 7.0 and 1.3% organic matterr).

Visual observations on mortality were recorded at weekly
intervals to 5 wk after treatment (WAT). General observation
on the efficacy of each herbicide on all weeds at EPOST and
LPOST stage was taken at 5 WAT. Visual evaluations were
recorded using a 0 to 100 scale, where 0 meant no visible
effects and 100 meant complete control. Data expressed as




Table 2. Efficacy of nonsynthetic herbicides applied at two growth stages on six broadleaf weeds at 1 to 4 WAT.*®

Stranglervine Wild mustard Black nightshade Sicklepod Velvetleaf Redroot pigweed
Treatments 1 WAT 4 WAT 1WAT 4WAT 1WAT 4WAT 1WAT 4WAT 1 WAT 4WAT | WAT 4 WAT
Efficacy %

AA (5%) EPOST 95 b 93 b 63 f 38e 95 b 98 a 65d 52 e 95a 100 a 0g of
LPOST 9h 8f 17g 17 f 27¢g 18 i 0i Oh 38d 47 d Og 0f
AA (30%) EPOST 97 ab 99 a 100 a 100 a 100 a 100 a 70 ¢ 62d 97 a 100 a 93b 100 a
LPOST 22f 20e 95a 100 a 68d 57d 67d 20¢g 83 ¢ 77 ¢ 75d 52d

CA (10%) EPOST 98 a 98 a 82d 62d 85¢ 98 a 75b 72¢ 95a 95 a 50 e 50d
LPOST 23 f Og 88 ¢ 95 b 30f 358 50 e 18g 15g 25e Og 0f
CA (5%)+ G  EPOST 100 a 100 a 100 a 100 a 98 a 100 a 95 a 92b 90 b 98 a 100a 100 a
LPOST 24 f 20e 95 b 98 a 34e 45 f 44 f 0Oh 21 f 15 f 17 f 18 e
CA (10%) + G EPOST 75d 55d 70 e 60d 30 f 22h 25h 17g 25e Og Og 0f
LPOST 10 h Og 98 a 100 a 25g 45 f 0i 0h Oh 0g Og 18 ¢

Clove oil EPOST 15¢g Og 18¢g 18 f Oh 0j 27h 27 f 0h 0g Og of

(45.6%) LPOST 5i Og 80d 100 a 27 g 50 e 0i 0h Oh Og Og of
CGM CPM 80 c 55d 99 a 95 b 95b 92b 73b 97 a 98 a 83b 100 a 72¢
SS 55¢ 72¢c 88 ¢ 72¢ 83 ¢ 87 ¢ 33g 95 a 97 a 99 a 83 ¢ 93 b

* Abbreviations: WAT, weeks after treatment; EPOST, early POST; LPOST, late POST; AA, acetic acid; CA, citric acid; G, garlic (0.2%); CGM, corn gluten meal;
CPM, commercial potting medium; SS, sandy soil.

*Values within a column followed by a different letter are significantly different at P = 0.05.

recorded at 5 WAT were excluded. Overall herbicide efficacy at
both growth stages on broadleaf weeds is presented in Figure 1
and on narrowleaf weeds in Figure 2.

Acetic Acid (5%; Household Vinegar). Acetic acid (5%)
applied EPOST resulted in 93, 98, and 100% control of
stranglervine, black nightshade, and velvetleaf, respectively, at
4 WAT (Table 2). In previous research, Radhakrishnan et al.
(2002) reported that herbaceous weeds sprayed with various
solutions of acetic acid and concentrations of less than 10%

percentages were arc-transformed before analysis and convert-
ed back to percentages for presentation purposes. The
experiment was repeated twice under similar conditions, and
pooled data were analyzed using Agriculture Research
Management” software. Means were separated with Fisher’s
Protected LSD test at P = 0.05.

Results and Discussion

‘Weed Control Efficacy. Visual observation data were expressed
as a percentage of the control treatment and were recorded at 1
to 4 WAT for individual broadleaf weed species (Table 2) and
narrowleaf weeds (Table 3). The data were recorded up to 5
WAT; however, there were insignificant differences among
observations recorded at 4 and 5§ WAT, and, therefore, the data

killed the weeds within 2 wks after emergence. Delay of
application significantly reduced herbicide efficacy, especially
with stranglervine (Table 2). Acetic acid (5%) did not control
redroot pigweed (Table 2). Furthermore, acetic acid (5%)
gave low efficacy on the narrowleaf weeds when applied at
both EPOST and LPOST (Table 3). Our results are in accord

Table 3. Efficacy of nonsynthetic herbicides applied at two growth stages on six narrowleaf weeds at 1 to 4 WAT.*®

Crowfootgrass Johnsongrass Annual ryegrass Goosegrass Green foxrail Yellow nutsedge
Treatments I WAT 4WAT 1 WAT 4WAT 1 WAT 4WAT 1WAT 4WAT 1WAT 4 WAT 1| WAT 4 WAT
Efficacy %

AA (5%) EPOST Og 0c O0g 0d 52b 27d Og Oe 40 d 28 e 38d 3¢
LPOST O0g 0c 8f 0d 13e 8e Og Oe 12 f 12f of 0c

AA (30%) EPOST 35¢ 25b 95a 95a 93a 100 a 97 a 100 a 98 a 100 2 75¢ 58 a
LPOST 20d 0c 40 ¢ 0d 354d 22d 98 a 93 b 48 ¢ 50 ¢ 11e Oc

CA (10%) EPOST 13e Oc Og 0d of 0f 0g Oe 0Og Og of Oc
LPOST 0g Oc 23e od of of 23e 15d Og (] of 0c

CA (5%) + G EPOST Og Oc 12 f od 43¢ o0f 42 ¢ Oe 0g O0g of 0c
LPOST 5fF 0c 30d od 10e 0f 33d Oe Og 0g of O0c

CA (10%) + G EPOST 0g Oc 20e 2d 0f of 0g Oe Og Og of 0c
LPOST Og 0c 10 f 0d of of 1f 32¢ 0g Og of 0c

Clove oil (45.6%) EPOST Og 0c Og 0d of of Og Oe Og Og of 0c
LPOST 10e Oc 12 f 0d of of 1nf 30c Og 0g of Oc

CGM CPM 100 a 97 a 55 b 77b 90 a 95 b 98 a 97 a 32e 42d 83 b 50 b
SS 90 b 98 a 42c 32¢ 50 b 40 c 47 b 18d 55 b 65b 92a 48 b

* Abbreviations: WAT, weeks after treatment; EPOST, early POST; LPOST, late POST; AA, acetic acid; CA, citric acid; G, garlic (0.2%); CGM, corn gluten meal;
CPM, commercial potting medium; SS, sandy soil.
*Values within a column followed by a different letter are significantly different at P = 0.05.
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Figure 1. Visual assessments of broadleaf weed injury as affected by the
nonsyntheric herbicides ac 5 weeks after treatments. Abbreviations: EPOST, early
POST; LPOST, late POST; CA, citric acid; AA, acetic acid; G, garlic (0.2%);
CGM, corn gluten meal. Columns with the same letters are not stacistically
different at P = 0.05.

with Young (2004), who reported that acetic acid (5%) did
not adequately control the narrowleaf weeds.

Acetic Acid (30%). As shown in Tables 2 and 3, 30% acetic
acid controlled all of the tested broadleaf weeds and most
narrowleaf weeds, if applied at the early stage (two to four true
leaves or earlier). Increasing the concentration of acetic acid
from 5 to 30% in spray solution and applying EPOST
provided excellent (95 to 100%) control of tested weeds,
except for sicklepod, crowfootgrass, and yellow nutsedge,
where the control was 62, 25, and 58%, respectively, at 4
WAT. Two hours after herbicide application, the leaves and
shoots of sensitive weeds were killed (personal observation).
Comis (2002) and Moran (2007) reported that 10 to 20%
acetic acid concentration gave 80 to 100% weed control and
was more effective than 5% acetic acid. Treating young weeds
increased susceptibility of weed seedlings to acetic acid (30%).
LPOST application caused complete growth inhibition (93
and 100%) of wild mustard and goosegrass but had no
phototoxic effect on crowfootgrass and Johnsongrass (Ta-
bles 2 and 3). Acetic acid (30%) applications provided less
than 75% yellow nutsedge control. In previous research,
annual grasses were controlled at least 79% with a single
application of acetic acid at 9% concentration (Young 2004),
whereas Webber and Shrefler (2007) reported that acetic acid
was less effective in controlling narrowleaf than broadleaf
weeds. Acetic acid application at early weed stages inhibited
the growth of all weeds except for crowfootgrass (Tables 2 and
3). These results suggest that among the weeds tested,
crowfootgrass is most tolerant to acetic acid. Daniels and Fults
(2002) reported from greenhouse and field studies that,
although application of acetic acid (5%) solutions did not
provide reliable weed control, solutions of 10, 15, and 20%
provided 80 to 100% control of certain annual weeds (foxtail,
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Figure 2. Visual assessments of narrowleaf weed injury as affected by the
nonsynthetic herbicides at 5 weeks after treatments. Abbreviations: EPOST, early
POST; LPOST, late POST; CA, citric acid; AA, acetic acid; G, garlic (0.2%);
CGM, corn gluten meal. Columns with the same letters are not statistically
different at P = 0.05.

lambsquarters, pigweed, and velvetleaf). In addition, the
perennial weed Canada thistle [Cirsium arvense (L.) Scop.],
treated with 5% acetic acid showed 100% shoot burn down,
but roots were unaffected; therefore, shoots always regrew.

Citric Acid (10%). This herbicide was highly effective on
stranglervine, black nightshade, and velvetleaf, with control
95% or higher at 4 WAT (Table 2). However, it showed
lower activity {< 72% control) when applied to the other
broadleaf weeds. Narrowleaf weeds were not substantially
affected by citric acid sprayed on either young or taller
narrowleaf weeds.

Citric Acid (5%) + Garlic (0.2%; Alldown). Application of
this herbicide to younger broadleaf weeds provided 90 to
100% control within 1 WAT. At 4 WAT, the treatment
provided similar control of weeds as recorded at 1 WAT
(Table 2). Chase et al. (2004) reported that this mixture
provided more than 70% weed control within the first week
but decreased to less than 60% by 3 WAT. Delayed
application of this combination on wild mustard resulted in
95% and 98% control at 1 and 4 WAT, respectively.
However, the herbicide phytotoxicity on the other five
broadleaf weeds when applied LPOST was significandy less
effective (< 67%), and at 4 WAT, the phytotoxicity was
reduced, and weeds began to recover from damage.

Crowfootgrass, green foxtail, and yellow nutsedge were not
affected by any treatments applied EPOST or LPOST
(Table 3). The reason for the reduced control in grasses with
contact herbicides may be due to the shielding of the growing
point by plant tissue (Boyd et al. 2006), whereas the growing
point in broadleaf weeds is much more accessible to
herbicides. Among all weeds used in this study at both
EPOST and LPOST, wild mustard was more sensitive than
other weeds to citric acid (5%) + garlic.




Citric Acid (10%) + Garlic (0.2%; Groundforce). This
herbicide is similar to the previous herbicide discussed above,
but the concentration of citric acid is higher. In most cases,
increasing citric acid from 5 to 10% in this herbicide did not
enhance herbicide phytotoxicity but had low efficiency
compared with the herbicide containing citric acid (5%) +
garlic (0.2%). Delayed application of citric acid (10%) plus
garlic (0.2%) can effectively control wild mustard (100%
control) but provided less than 60% control of stranglervine
and wild mustard when applied EPOST (Table 2). Applica-
tion of this herbicide either EPOST or LPOST had no effect
upon velvetleaf, redroot pigweed, and all narrowleaf weeds
except goosegrass, where control was 32% with the LPOST
application (Tables 2 and 3). Poor control of black nightshade
and sicklepod was recorded with this formulation (Table 2).

Results indicate that the citric acid (5%) + garlic (0.2%)
has good potential for use as a natural herbicide. This
herbicide caused 98% mortality of broadleaf weeds (Figure 1)
and exhibited lower efficiency or no effect against narrowleaf
weeds (Figure 2). The active ingredients of Alldown and
Groundforce are citric acid and garlic but the difference
between them is the concentration of citric acid, where its
concentration in Alldown is half of that in Groundforce.
Surprisingly, the efficacy of Alldown (citric acid [5%] + garlic
[0.2%]) was better than that of Groundforce (citric acid
[10%] and gatlic [0.2%]) as shown in Figures 1 and 2.
Johnson (2005) reported that citric acid (10%) plus garlic did
not effectively control any of the weeds present in his trials.
However, others have reported satisfactory weed control with
clove oil and citric acid (10%) + garlic (Boyd et al. 2006;
Smith 2006; Tworkoski 2002).

Clove Oil (45.6%; Matran II). Clove oil provided poor
control (0 to 35%) of all weeds except wild mustard and
black nightshade, where complete (100%) and 50% control
was achieved with this treatment at 4 WAT, respectively
(Table 2). Ferguson (2004) reported that weed control with
Matran II at recommended and higher concentrations was
inconsistent, ranging from 10 to 40%, compared with 100%
control with glyphosate. However, Smith (2006) showed that
Matran II at 12.5 gallons/ha applied in more dilute solution
(5.4%) provided excellent weed control. Chase et al. (2004)
reported that 20% concentration of Matran II, provided
better than 70% weed control within the first week, which
decreased to less than 60% by 3 WAT.

The herbicidal activity of clove oil may be due to a
significant loss of foliar membrane integrity (Bainard et al.
2006). According to Bainard et al. (2006), the presence of leaf
epicuticular wax in weeds tolerant to clove oil may possibly
protect their leaves from herbicide damage. Boyd et al. (2006)
reported that clove oil controlled 95 to 97% of all tested
broadleaf weeds.

Corn Gluten Meal. CGM reduced germination and seedling
survival of all weeds (Tables 2 and 3). These results support
previously reported data that a high rate of CGM (4 t/ha)
maintained 72% total weed control and 83% broadleaf weed
control until 46 d after planting (Webber and Shrefler 2006;
Zdor et al. 2005). Sicklepod germinated in the sandy soil
treated with CGM, but at 4 WAT, 97% of seedlings were

dead (Table 2). In general, CGM caused 70 to 90% weed
control, the lowest for stranglervine and the highest for
velvetleaf and crowfootgrass (Tables 2 and 3). Kuk et al.
(2001) reported that CGM caused 32, 94, and 64% reduction
in plant stands of velvetleaf, sicklepod, and goosegrass,
respectively, compared with control.

Data in Tables 2 and 3 and Figures 1 and 2 indicate that
CGM was less effective in controlling narrowleaf weeds than
broadleaf weeds, particularly in sandy soil. However, application
of CGM provided complete control (95 to 97%) of
crowfootgrass, annual ryegrass, and goosegrass; substantial
inhibition (83%) of green foxtail; and moderate control (less
than 77%) of Johnsongrass and yellow nutsedge. Application of
CGM in sandy soil resulted in 90 and 98% control of
crowfootgrass and yellow nutsedge at 1 WAT, whereas the
phytotoxicity was reduced on yellow nutsedge at 4 WAT
(Table 3). Similar findings were reported by Bingaman and
Christians (1995), Chase et al. (2004) and Zdor et al. (2005).

The efficacy of CGM was significantly affected by the soil
type, where the percentage of control of wild mustard, velvetleaf,
pigweed, annual ryegrass, and goosegrass at 4 WAT were 95, 83,
72, 95, and 97% in commercial potting medium, compared
with 72, 99, 93, 40, and 18% for the same weeds germinated in
sandy soil, respectively (Tables 2 and 3). The results in
Figures 1 and 2 indicated that the control of broadleaf and
narrowleaf weeds at 5 WAT were 82 and 75% in commercial
potting medium, compared with 88 and 47% for the same
weeds germinated in sandy soil, respectively.

It has been previously reported by Liu and Christians
(1997) that CGM applied PRE inhibits seed germination and
seedling growth for more than 4 WAT. Bingaman and
Christians (1995) reported that application rates of CGM at
3.2, 6.4, and 9.6 t/ha reduced black nightshade survival by 82,
88, and 99%, respectively.

CGM inhibits root growth of germinating seeds but does
not damage plants that have formed a mature root system, and
this inhibition may be attributed to the presence of root-
inhibiting dipeptides in CGM (Liu and Christians 1997). It
could be concluded that CGM can be used as PPI herbicide
for organic crop production (Webber and Shrefler, 2006).
However, McDade and Christians {(2000) advised against
using incorporated CGM for direct-seeded vegetables.

The results in Tables I and 2 indicate that the tested
herbicides provided better weed control with early application
than late application, and the potential for this response varies
among weeds and herbicides (Tables 2 and 3). These results
coincide with those reported by Chase et al. (2004) and
Ferguson (2004). Delaying the application allowed growth of
weeds to increase twofold or threefold. Thickness, chemical
composition, and ultrastructure of the epicuticular wax differ
among plant species and with the age of the plants (Holloway
1970). These results also give anecdotal support to the concept
that the morphological and physicochemical characteristics of
leaves of various weed species influence the behavior of
herbicides on the leaf surface and may lead to differential
activity of a given herbicide from one weed species to another
(Sanyal et al. 2006; Young 2004). None of the herbicides
provided satisfactory control of narrowleaf weeds, except for
acetic acid 30%, EPOST, and CGM. The difference between

435

Abouziena et al.: Comparison of some natural hetbicides ¢




broadleaf and narrowleaf weeds partially occurs because all
tested herbicides, except CGM, are contact herbicides, and the
growing point for broadleaf weeds is above the ground, whereas
the growing point for grasses remains below ground in the early
growth stages (Boyd et al. 2006).

Wild mustard and black nightshade were more sensitive to
the herbicides tested, whereas redroot pigweed was difficult to
control with clove oil, acetic acid (5%), and citric acid (10%)
+ garlic (0.2%) treatments. The differences in leaf-surface
morphology between these species could be responsible for
this mortality difference (Sanyal et al. 2006).

Overall, results presented in Figure 1 indicate that citric
acid (5%) + garlic (0.2%), citric acid (10%), and CGM were
efficacious against broadleaf weeds tested in this study, when
compared with untreated weeds. Acetic acid (30%) was more
effective on all tested broadleaf weeds and most narrowleaf
weeds if applied at an early stage (two to four true leaves or
before). It provided 88 and 72% control of broadleaf and
narrowleaf weeds, respectively (Figures 1 and 2). This
treatment could be used to control weeds in the stale-seedbed
technique for organic vegetable production.

We conclude that citric acid (5%) + garlic (0.2%) and acetic
acid (30%) could be applied before planting to control weeds, as
a stale-seedbed technique, in directed sprays between crop
plants, between orchard trees, and in wide-row plantations. In
addition, citric acid + garlic may also be applied POST in some
crop species (Smith 2004; Evans and Bellinder 2009). CGM is
effective as a PPI herbicide and could be combined with citric
acid (5%) + gatlic (2%) or acetic acid (30%) to improve weed
management in organic cropping systems,

Sources of Materials

! Commercial potting medium. Metro-Mix500, Grace-Sietra
Horticultural Products Company (now Scotts Company), 14111
Scottslawn Road, Marysville, OH 43041,

® Tracite foliar fertilizer. Helena Chemical Co., 7664 Moore
Road, Memphis, TN 38120.

? Allen track sprayer. Allen Machine Works, 607 E. Miller Road,
Midland, MI 48640.

# Tecjet 8003 flat-fan nozzles, Spraying Systems Co., North Ave,,
Wheaton, IL, 60788.

® Pesticide Research Manager Software. Gylling Data Manage-
ment Inc., 405 Martin Boulevard, Brookings, SD 57006.
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