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Abstract: Natural product-based herbicides could be the effective alternatives to synthetic chemical
herbicides for eco-friendly weed management. This research, therefore, was conducted to identify the
phytotoxic properties of Parthenium hysterophorus L., Cleome rutidosperma DC. and Borreria alata (Aubl.)
DC. with a view to introducing them as a tool for natural herbicide development. The methanol
extracts of these plants were examined on the germination and growth of Zea mays L., Oryza sativa L.,
Abelmoschus esculentus (L.) Moench and Amaranthus gangeticus L., Oryza sativa f. Spontanea Roshev.
(Weedy rice), Echinochloa colona (L.) Link., Euphorbia hirta L., and Ageratum conyzoides L. under
laboratory and glasshouse conditions. A complete randomized design (CRD) with five replications
and randomized complete block design (RCBD) with four replications were laid out for laboratory
and glasshouse experiments, respectively. In the laboratory experiment, three plant extracts of 0,
6.25, 12.5, 50, and 100 g L−1 were tested on survival rate, hypocotyl, and radicle length of eight
test plant species. No seed germination of A. conzyoides, E. hirta, and A. gangeticus were recorded
when P. hysterophorus extract was applied at 50 g L−1. C. rutidosperma had the same effect on those
plants at 100 g L−1. In the glasshouse, similar extracts and concentrations used in the laboratory
experiments were sprayed on at the 2–3 leaf stage for grasses and 4–6 for the broadleaf species.
Tested plants were less sensitive to C. rutidosperma and B. alata compared to P. hysterophorus extract.
Among the weeds and crops, A. conyzoides, E. hirta, A. esculentus and A. gangeticus were mostly
inhibited by P. hysterophorus extract at 100 g L−1. Based on these results, P. hysterophorus was the most
phytotoxic among the tested plant extracts and could be used for developing a new natural herbicide
for green agriculture.

Keywords: allelopathy; bioherbicide; P. hysterophorus; germination; growth

1. Introduction

Parthenium hysterophorus L., Cleome rutidosperma DC., and Borreria alata (Aubl.) DC.
belong to the family Asteraceae, Cleomaceae, and Rubiaceae, respectively, and are invasive
weeds in Malaysia. Their damage includes threats to biodiversity, exacerbation of allergies
and dermatitis, mutagenesis in humans and livestock, and interference (competition and
allelopathy) with field crops and rangelands [1–3]. Parthenium hysterophorus is native to
Mexico and has been spreading like wildfire in different countries. At present, ten states of
Malaysia are invaded by this weed, and the state Kedah is the worst infested area [4]. Yield
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losses between 21 to 50% have occurred due to P. hysterophorus in different crop fields [5].
The allelochemicals released from this plant may inhibit seedling growth and nutrient
uptake by destroying the plants’ usable source of nutrients [6,7]. Cleome rutidosperma
is native to tropical Africa and now naturalized in different regions of Asia, Australia,
America, and the West Indies [2]. This weed is mainly found in sugarcane fields and
causes more than 50% sugarcane yield reduction in the Philippines [2]. In Malaysia, C.
rutidosperma is planted around the field edges by the farmers to divert the ovipositor of
Plutella xylostella (diamondback moth) away from the crop field [2]. Moreover, the plant
is considered as the alternate host of Meloidogyne javanica and Meloidogyne incognita [8].
Borreria alata is native to southern Mexico [9]. It is a common weed in sugarcane, rubber,
oil palm, orchards, tea, chinchoa, cassava, and many annual upland crops such as maize,
soybean, and rice. It has reduced the dry weight and height of young rubber by 12 and
17%, respectively [10].

While manual weed control is the best and most sustainable, herbicidal control is the
more effective and rapid option for weed management. However, due to the migration of
labor from agriculture to industry; and off-target toxicity including weed biotypes resistant
to existing synthetic herbicides, researchers are motivated to think about alternatives [11].
In these circumstances, allelopathic plants or their isolated allelochemicals may play a
key role. Allelopathic plants may exert either inhibitory or stimulatory effects on the
germination and growth of other plants in their immediate vicinity. Recently, allelopathic
plants or their allelochemicals are being utilized sporadically instead of synthetic herbicides
to control weeds, and more attention has been paid by scientists to develop natural product-
based herbicides from allelopathic plants [12–16]. Moreover, due to the presence of higher
oxygen and nitrogen-rich molecules and having a relatively low halogen substitute, most of
the allelochemicals are environment friendly [17]. Hence, the allelochemicals isolated from
allelopathic plants can either be developed as a natural herbicide or used for templates to
further develop novel synthetic herbicides with new modes of action [14,16].

In most of the allelopathic studies, laboratory bioassay has mainly been used by the
researchers to identify allelopathic plants because of their rapid out return. Additionally,
bioassay performance may help the researchers to predict the allelopathic potentials of
a plant in glasshouse or field conditions [18]. However, a plant that showed strong
allelopathic activity on target plants in s laboratory bioassay, might differ in glasshouse
or field conditions due to the influence of several environmental determinants [19]. Plant
crude extract with strong allelopathic potential has recently contributed greatly to weed
management and controlling weeds [19–22]. Although the allelopathic properties of P.
hysterophorus have been reported, the allelopathy of C. rutidosperma and B. alata are scant
so far. In addition, most of the articles related to P. hysterophorus allelopathy were based
on their laboratory bioassay results. Therefore, a detailed study of these plants under
both laboratory and glasshouse conditions warrants due attention to evaluating their
allelopathic potential. Hence, to explore the allelopathic properties of P. hysterophorus,
C. rutidosperma, and B. alata on Zea mays L., Oryza sativa L., Abelmoschus esculentus (L.)
Moench, Amaranthus gangeticus L., Oryza sativa f. spontanea Roshev (Weedy rice), Echinochloa
colona (L.) Link., Euphorbia hirta L. and Ageratum conyzoides L., two experiments were
conducted under laboratory and glasshouse conditions with a view to developing natural
product-based bioherbicides.

2. Materials and Methods
2.1. Test Plants

Four cropspecies, e.g., Z. mays, O. sativa, A. esculentus, and A. gangeticus, and four weed
species, e.g., Weedy rice, E. colona, E. hirta, and A. conzyoides were used in this research as
test plants. The seeds of E. colona, Weedy rice, and O. sativa “MR 219” were collected from
the rice fields of Sekinchan, Kuala Selangor, and Selangor, Malaysia, and other weed seeds
(E. hirta and A. conzyoides) were collected from farm 15 at the Universiti Putra Malaysia.
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The seeds of Z. mays, A. esculentus, and A. gangeticus were purchased from Green World
Genetics Sdn. Bhd., Kuala lumpur, Selangor, Malaysia.

2.2. Extraction Procedure

Whole plants of P. hysterophorus, C. rutidosperma, and B. alata at their maximum veg-
etative stage were collected from different locations of Universiti Putra Malaysia except
P. hysterophorus which was collected from Ladang Infoternak, Sungai Siput, Perak, Malaysia.
The collected weeds were washed carefully with running tap water for removing the dust
particles, then air-dried in open trays under shaded conditions at room temperature for
3 weeks. Then, each species was chopped and crushed separately in a Willey mill. In a con-
ical flask, 100 g powder of each species was soaked with 1000 mL methanol: distilled water
(80:20, v/v), and paraffin was used for wrapping the flask. The flask was shaken using an
Orbital shaker at 150 rpm agitation speed for 48 h at a room temperature (24–26 ◦C). The
solution was filtered using four layers of cheesecloth then centrifuged for 1 h at 3000 rpm.
Then a 0.2-µ, 15-mm syringe filter (Phenex, Non-sterile, Luer/Slip, LT Resources, Puchong,
Selangor, Malaysia) was used to re-filter the solution. A rotary evaporator was used at
40 ◦C to evaporate the methanol from the extract. Sterile distilled water was used to obtain
stock extract concentrations of 6.25, 12.5, 25, 50, and 100 g L−1 for bioassay. All extracts
were refrigerated at 4 ◦C before they were used. The method described by Aslani et al. [23]
was used in preparing methanol extracts for each species.

2.3. Laboratory Bioassay
2.3.1. Experimental Site

The experiment was conducted in a growth chamber at the Seed Technology Lab-
oratory, Department of Crop Science, Faculty of Agriculture, Universiti Putra Malaysia
(3◦02′ N, 101◦42′ E, 31 m elevation), Selangor, Malaysia from January to March 2019.

2.3.2. Experimental Treatments and Design

Healthy and uniform weed seeds were collected and then soaked for 24 h with
0.2% potassium nitrate (KNO3) and then rinsed with distilled water and incubated
at room (24–26 ◦C) temperature until the radicle emerged about 1 mm. Twenty pre-
germinated uniform seeds of each crop and weed species were placed in 9.0-cm-diameter
plastic disposable Petri dishes, containing two sheets of Whatman No. 1 filter paper.
Then the filter paper on the Petri dishes was moistened with 10 mL of P. hysterophorus,
C. rutidosperma and B. alata methanol extract at six different concentrations: 0 (distilled
water only), 6.25, 12.5, 25, 50, and 100 g L−1 separately. The Petri dishes were then
moved to a growth chamber and incubated under fluorescent light (8500 lux) with
a completely randomized design at the temperature of 30/20 ◦C (day/night), with a
12 h/12 h (day/night cycle). Relative humidity ranged from 30 to 50%. The lids of the
Petri dishes were not sealed to allow gas exchange and to avoid an anaerobic condition.

2.3.3. Data Collection

After 7 days of germination, the survival rate, radicle and hypocotyl length of all
seedlings were measured. The hypocotyl and radicle length was measured using Image J
software [24] and the inhibitory effect was calculated by the equation stated below [23]

I = 100 (C − A)/C

where “I” is the inhibition amount (%), “C” is the mean length of the radicle and hypocotyl of
the control, and “A” is the mean length of the radicle and hypocotyl of the methanol extracts.

2.4. Glasshouse Experiment
2.4.1. Experimental Site and Design

The glasshouse experiment was conducted from April to June 2020, at the faculty of
Agriculture in Ladang 15, Universiti Putra Malaysia. Foliar application of P. hysterophorus,
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C. rutidosperma, and B. alata methanol extract was assessed for their suppressive effects
on the growth and development of Weedy rice, E. colona, E. hirta, A. conyzoides, Z. mays,
O. sativa, A. esculentus, and A. gangeticus. Pre-germinated seeds of test plants were sown
in each pot (15 cm diameter × 12 cm height) and then covered with soil at a depth of
1 cm, and finally, the soil was moistened with tap water. After germination, only five
equal-sized healthy seedlings of O. sativa, E. colona, E. hirta, A. conyzoides, and weedy
rice, and one seedling (equal-sized healthy) of Z. mays, A. gangeticus, and A. tricolor were
kept in each pot. The pots were arranged in a randomized complete block design with
four replications. Methanol extracts of P. hysterophorus, C. rutidosperma, and B. alata were
sprayed with 6.25, 12.5, 25, 50, and 100 g L−1 concentration at the 2–3 leaf stage (2 weeks
old) for grasses and 4–6 leaf stage for broadleaf species (3 weeks old) with the help of a
1 L multipurpose sprayer (Deluxe pressure sprayer). Spray volume (100 mL m−2) was
prepared using distilled water [25]. Plants in the control treatment were sprayed with
200 mL water without extract at two days intervals or when needed.

2.4.2. Data Collection

Three weeks after spray, the individual plant was separated into the root, shoot, and
leaf fractions. Plant height (PH) and root length (RL) were measured using a 1 m ruler. The
leaf area was determined using a leaf area meter (LI-3000, Li-COR, Lincoln, NE, USA) and
expressed as cm2 plant−1. Fresh and dry weights were determined using a digital balance.
Samples were dried in an oven at 60 ◦C for 72 h to take the dry weight of the samples.
Total chlorophyll content indicated as SPAD value was measured by a chlorophyll meter,
SPAD-502 (Menolta, Japan), as described by Mahdavikia et al. [26]

2.5. Statistical Analysis

A two-way analysis of variance (ANOVA) was performed to determine any significant
differences between each treatment and the control for both experiments. The differences
between the treatment’s means were pooled using the Tukey test with a 0.05 probability
level. SAS (Statistical Analysis System) software, version 9.4 (Cary, NC, USA) was used to
conduct the analysis. Probit analysis based on the percentage of inhibition of survival rate
or radicle and hypocotyl length was used to measure ECs50, ECr50, and ECh50. ECs50,
ECr50, and ECh50 were the effective doses capable of inhibiting 50% of survival rate,
radicle, and hypocotyl length respectively. The most active extracts were determined as
the index (Re) using the equation given below for each extract tested:

Rank (Re) = ECs50n (survival rate) + ECr50n (radicle) + ECh50n (hypocotyl)

where Re is the rank of the extract and ECs50n, ECr50n, and ECh50n are the concentra-
tions of treatments that cause 50% inhibition on germination, root, and hypocotyl growth,
respectively. The extract with the lowest Re values was considered as the most phyto-
toxic treatment and the least phytotoxic effect of the extract was observed for the highest
Re value.

3. Results
3.1. Laboratory Experiment
3.1.1. Effect of Methanol Extracts on Survival Rate and Initial Growth of Weeds

The results showed that P. hysterophorus, C. rutidosperma, and B. alata extracts signifi-
cantly influenced the survival rate as well as the hypocotyl and radicle length of the tested
weed species (p < 0.05). The magnitude of inhibition increased with an increase in extract
concentration (Table 1).
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Table 1. Effects of P. hysterophorus, C. rutidosperma, and B. alata methanol extracts on survival rate (%), hypocotyl, and radicle length (cm) of the tested weed species.

Tested Plants Dose (g L−1)
P. hysterophorus C. rutidosperma B. alata

Survival Rate
(%)

Hypocotyl
Length (cm)

Radicle Length
(cm)

Survival Rate
(%)

Hypocotyl
Length (cm)

Radicle Length
(cm)

Survival Rate
(%)

Hypocotyl
Length (cm)

Radicle Length
(cm)

A. conyzoides

0.00 100.00 a ± 0 4.91 a ± 0.03 2.70 a ± 0.04 100.00 a ± 0 4.94 a ± 0.02 2.72 a ± 0.04 100.00 a ± 0 4.99 a ± 0.04 2.68 a ± 0.03
(0) (0) (0) (0) (0) (0) (0) (0) (0)

6.25 82.00 b ± 1.22 2.92 b ± 0.04 0.89 b ± 0.02 99.00 a ± 1 3.56 b ± 0.07 1.30 b ± 0.02 99.00 a ± 1 3.99 b ± 0.03 1.33 b ± 0.01
(18) (40.53) (67.04) (1) (27.93) (52.20) (1) (20.04) (50.37)

12.5 38.00 c ± 1.3 0.86 c ± 0.02 0.34 c ± 0.01 72.00 b ± 2 2.23 c ± 0.02 0.86 c ± 0.01 83.00 b ± 4.64 2.96 c ± 0.03 1.05 c ± 0.02
(62) (82.48) (87.40) (28) (54.86) (68.38) (17) (40.68) (60.82)

25 13.00 d ± 1.28 0.41 d ± 0.01 0.17 d ± 0.01 45.00 c ± 3.53 0.96 d ± 0.01 0.57 d ± 0.12 42.00 c ± 2.55 1.88 d ± 0.05 0.82 d ± 0.01
(87) (91.65) (93.70) (55) (80.57) (79.04) (58) (62.32) (69.40)

50 0.00 e ± 0 0.00 e ± 0 0.00 e ± 0 18.00 d ± 1.22 0.62 e ± 0.02 0.29 e ± 0.01 28.00 d ± 2.50 0.98 e ± 0.04 0.71 e ± 0.02
(100) (100) (100) (72) (87.44) (89.34) (72) (80.36) (73.51)

100 0.00 e ± 0 0.00 e ± 0 0.00 e ± 0 0.00 e ± 0 0.00 f ± 0 0.00 f ± 0 5.00 e ±0.32 0.44 f ± 0.02 0.23 f ± 0.21
(100) (100) (100) (100) (100) (100) (95) (91.18) (91.42)

E. hirta

0.00 100.00 a ± 0 6.32 a ± 0.02 1.91 a ± 0.01 100.00 a ± 0 6.26 a ± 0.02 1.98 a ± 0.03 100.00 a ± 0 6.34 a ± 0.02 1.89 a ± 0.2
(0) (0) (0) (0) (0) (0) (0) (0) (0)

6.25 84.00 b ± 1.87 3.68 b ± 0.01 0.71 b ± 0.03 96.00 a ± 1.87 4.29 b ± 0.01 1.32 b ± 0.02 98.00 a ± 1.22 4.94 b ± 0.11 0.95 b ± 1.4
(16) (41.77) (62.83) (4) (31.47) (33.33) (2) (22.08) (49.74)

12.5 39.00 c ± 1.8 0.97 c ± 0.01 0.33 c ± 0.02 78.00 b ± 2 3.16 c ± 0.2 0.71 c ± 0.08 82.00 b ± 1.2 3.75 c ± 0.07 0.81 c ± 0.03
(61) (84.65) (82.72) (22) (49.52) (64.14) (18) (40.85) (57.14)

25 12.00 d ± 1.22 0.52 d ± 0.1 0.16 d ± 0.01 48.00 c ± 1.22 0.99 d ± 0.04 0.44 d ± 0.7 45.00 c ± 2.24 2.16 d ± 0.01 0.59 d ± 1.96
(88) (91.77) (91.62) (52) (84.19) (77.78) (55) (65.93) (68.78)

50 0.00 e ± 0 0.00 e ± 0 0.00 e ± 0 20.00 d ± 1.58 0.71 e ± 0.3 0.29 e ± 1.77 29.00 d ± 1.87 1.20 e ± 0.04 0.45 e ± 0.02
(100) (100) (100) (80) (88.66) (85.35) (71) (81.07) (76.19)

100 0.00 e ± 0 0.00 e ± 0 0.00 e ± 0 0.00 e ± 0 0.00 f ± 0 0.00 f ± 0 9.00 e ± 1 0.69 f ± 0.2 0.18 f ± 0.01
(100) (100) (100) (100) (100) (100) (91) (89.12) (90.48)

Weedy rice

0.00 100.00 a ± 0 4.89 a ± 0.1 2.13 a ± 0.08 100.00 a ± 0 4.98 a ± 0.08 2.21 a ± 0.1 100.00 a ± 0 4.91 a ± 0.14 2.02 a ± 0.02
(0) (0) (0) (0) (0) (0) (0) (0) (0)

6.25 87.00 b ± 2.55 3.23 b ± 0.06 0.80 b ± 0.03 98.00 a ± 1.22 3.61 b ± 0.01 1.06 b ± 0.02 100.00 a ± 0 3.98 b ± 0.04 1.02 b ± 0.03
(13) (34.15) (62.44) (2) (27.51) (52.04) (0) (18.94) (49.50)

12.5 49.00 c ± 1.87 1.48 c ± 0.02 0.60 c ± 0.02 74.00 b ± 1.87 2.33 c ± 0.02 0.72 c ± 0.04 81.00 b ± 1.87 2.75 c ± 0.07 0.96 bc ± 0.02
(51) (69.92) (71.83) (26) (53.21) (67.42) (19) (44.38) (52.47)

25 20.00 d ± 1.58 0.75 d ± 0.01 0.24 d ± 0.01 44.00 c ± 1 0.99 d ± 0.03 0.45 d ± 0.02 51.00 c ± 1.8 2.02 d ± 0.03 0.88 c ± 0.01
(80) (84.66) (88.73) (56) (80.12) (79.64) (49) (58.86) (56.43)

50 7.00 e ± 2 0.24 e ± 0.06 0.16 de ± 0.13 15.00 d ± 3.53 0.77 e ± 0.01 0.25 d ± 0.01 23.00 d ± 1.22 1.14 e ± 0.01 0.33 d ± 0.19
(93) (95.09) (92.49) (85) (84.54) (88.69) (77) (76.78) (83.66)

100 0.00 e ± 0 0.00 e ± 0 0.00 e ± 0 0.00 e ± 0 0.00 e ± 0 0.00 e ± 0 7.00 e ± 1.27 0.46 f ± 0.02 0.11 e ± 0.9
(100) (100) (100) (100) (100) (100) (93) (90.63) (94.55)
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Table 1. Cont.

Tested Plants Dose (g L−1)
P. hysterophorus C. rutidosperma B. alata

Survival Rate
(%)

Hypocotyl
Length (cm)

Radicle Length
(cm)

Survival Rate
(%)

Hypocotyl
Length (cm)

Radicle Length
(cm)

Survival Rate
(%)

Hypocotyl
Length (cm)

Radicle Length
(cm)

E. colona

0.00 100.00 a ± 0 5.11 a ± 0.03 2.95 a ± 1.96 100.00 a ± 0 5.00 a ± 0.04 2.94 a ± 0.04 100.00 a ± 0 5.07 a ± 0.04 2.90 a ± 0.02
(0) (0) (0) (0) (0) (0) (0) (0) (0)

6.25 84.00 b ± 1 3.46 b ± 0.02 1.14 b ± 0.24 98.00 a ± 1.22 3.62 b ± 0.02 1.25 b ± 0.02 100.00 a ± 0 4.01 b ± 0.02 1.40 b ± 0.01
(16) (32.29) (61.35) (2) (27.6) (57.48) (0) (20.91) (51.72)

12.5 39.00 c ± 1 1.77 c ± 0.33 0.69 c ± 0.01 74.00 b ± 1.87 2.01 c ± 0.34 0.91 c ± 0.04 82.00 b ± 2 2.85 c ± 0.23 1.30 c ± 0.12
(61) (65.36) (76.61) (26) (59.8) (69.05) (18) (43.79) (55.17)

25 17.00 d ± 2.55 0.88 d ± 0.56 0.36 d ± 0.04 52.00 c ± 1.47 0.79 d ± 0.07 0.63 d ± 0.02 55.00 c ± 1.58 2.03 d ± 0.71 1.09 d ± 0.01
(83) (82.78) (87.80) (48) (84.2) (78.57) (45) (59.96) (62.41)

50 4.00 e ± 1 0.19 e ± 0.49 0.12 e ± 0.03 20.00 d ± 1.58 0.50 e ± 0.06 0.31 e ± 0.01 25.00 d ± 2.74 1.08 e ± 0.58 0.41 e ± 0.57
(96) (96.28) (95.93) (80) (90) (89.46) (75) (78.70) (85.86)

100 0.00 e ± 0 0.00 f ± 0 0.00 f ± 0 0.00 e ± 0 0.00 f ± 0.01 0.00 f ± 0 6.00 e ± 1 0.34 f ± 1.46 0.20 f ± 0.02
(100) (100) (100) (100) (100) (100) (94) (93.29) (93.10)

Data are expressed as mean ± standard error. Means with the same letters in the column for each extract are not significantly different at p > 0.05. Values inside the parenthesis are inhibition percentages relative
to the control.
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No survival rate was recorded in A. conyzoides and E. hirta when P. hysterophorus
extract was applied at 50 g L−1. Meanwhile, no significant inhibition on the survival rate
of all weed species was observed when C. rutidosperma and B. alata extracts were applied
at a low concentration of 6.25 g L−1. However, C. rutidosperma and B. alata inhibited seed
survival rate at the highest concentrations by 100% and 90%, respectively. The survival rate
of A. conyzoides and E. hirta seeds was more sensitive to the extracts compared to Weedy
rice and E. colona seeds.

The radicle length of the target weed was significantly reduced (p < 0.05) by P. hys-
terophorus extract at a concentration equal to or higher than 6.25 g L−1. The root growth
of A. conyzoides, E. hirta, E. colona, and Weedy rice was reduced by 89.3%, 85.4%, 89.5%,
and 88.7% when treated with C. rutidosperma extracts at the concentration of 50 g L−1. No
radicle development of the test species was observed when P. hysterophorus extract was
applied at the highest concentration, whereas up to 90% inhibition was observed by B.
alata extract (Table 1). All extracts decreased the hypocotyl elongation of the target weeds.
At the concentration of 50 g L−1, P. hysterophorus, C. rutidosperma, and B. alata extracts
reduced the hypocotyl length of all tested weeds by 95–100%, 84–90%, and 76–81%, respec-
tively. Therefore, the extent of inhibition of P. hysterophorus extract was higher compared to
C. rutidosperma and B. alata extracts.

3.1.2. Effect of Methanol Extracts on the Survival Rate and Initial Growth of Crops

The survival rate, hypocotyl and radicle length of the tested crops were also signifi-
cantly influenced by the methanol extract of P. hysterophorus, C. rutidosperma, and B. alata.
The decrement of these parameters increased with the increase of the extract concentration
when compared to the control (Table 2).

The survival rate of Z. mays, O. sativa, A. esculentus, and A. gangeticus were reduced by
46%, 100%, 85%, and 100%, respectively for P. hysterophorus extracts, 35%, 93%, 64%, and
100%, respectively for C. rutidosperma extract, and 21%, 85%, 46%, and 88%, respectively for
B. alata extract at the highest concentration i.e., 100 g L−1 (Table 2). Parthenium hysterophorus
showed the highest phytotoxic effect on A. gangeticus (100%) compared to the other crops
at 50 g L−1.

The reduction in radicle length ranged from 93 to 100% for P. hysterophorus extract,
78 to 100% for C. rutidosperma extract, and 74 to 88% for B. alata extract at the highest
concentration (100 g L−1). Extracts of P. hysterophorus, C. rutidosperma, and B. alata differed
from each other in reducing the radicle length of tested crops compared to the control
(Table 2). The P. hysterophorus extract exerted a higher effect in reducing the radicle length
of the target crops. For instance, at 50 g L−1 of P. hysterophorus extract, the radicle growth
of A. gangeticus was completely suppressed (100%) while in C. rutidosperma and B. alata
extracts it was reduced by 89.2% and 77.4%, respectively.

Hypocotyl growth of all tested crops responded differently to P. hysterophorus, C. ru-
tidosperma, and B. alata extracts. The highest concentration (100 g L−1) of P. hysterophorus
extract resulted in a reduction of 80 to 100% in hypocotyl length of the tested species. On
the other hand, 100 g L−1 of C. rutidosperma and B. alata extracts resulted in 67 to 100% and
65 to 82% hypocotyl length reduction, respectively. At the lowest concentration (6.25 g L−1),
C. rutidosperma and B. alata did not show any significant effect on the hypocotyl growth
of Z. mays. The hypocotyl length of test crops was reduced by arange of 10.8 to 100%,
1.4 to 100%, and 1.4 to 82.0% when treated with P. hysterophorus, C. rutidosperma and B. alata
extracts, respectively.
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Table 2. Effects of P. hysterophorus, C. rutidosperma, and B. alata methanol extracts on survival rate (%), hypocotyl and radicle length (cm) of tested crops.

Tested Plants Dose (g L−1)
P. hysterophorus C. rutidosperma B. alata

Survival Rate
(%)

Hypocotyl
Length (cm)

Radicle
Length (cm)

Survival Rate
(%)

Hypocotyl
Length (cm)

Radicle
Length (cm)

Survival Rate
(%)

Hypocotyl
Length (cm)

Radicle
Length (cm)

O. sativa

0.00
100.00 a ± 0 3.16 a ± 0.02 6.17 a ± 0.16 100.00 a ± 0 3.19 a ± 0.03 6.17 a ± 0.01 100.00 a ± 0 3.18 a ± 0.03 6.19 a ± 0.24

(0) (0) (0) (0) (0) (0) (0) (0) (0)

6.25
91.00 b ± 2.91 2.06 b ± 0.28 2.88 b ± 0.03 100.00 a ± 0 2.92 b ± 0.02 3.11 b ± 0.04 100.00 a ± 0 3.01 b ± 0.75 3.34 b ± 0.1

(9) (34.81) (53.32) (0) (8.46) (49.59) (0) (5.35) (46.04)

12.5
58.00 c ± 3 1.03 c ± 0.22 2.00 c ± 0.02 86.00 b ± 1.87 1.94 c ± 0.1 3.31 c ± 0.42 88.00 b ± 1.22 2.14 c ± 0.16 2.41 c ± 0.03

(42) (67.40) (67.58) (14) (39.18) (62.56) (12) (32.70) (61.07)

25
25.00 d ± 2.24 0.63 d ± 0.6 0.99 d ± 0.3 48.00 c ± 2 0.99 d ± 0.04 1.11 d ± 0.03 60.00 c ± 1.58 1.13 d ± 0.12 1.95 d ± 0.02

(75) (80.06) (83.95) (52) (68.96) (82.01) (40) (64.46) (68.50)

50
10.00 e ± 1.58 0.42 e ± 0.01 0.55 e ± 0.26 22.00 d ± 1.22 0.70 e ± 0.13 0.87 e ± 0.02 31.00 d ± 1.87 0.87 e ± 0.13 1.15 e ± 0.1

(90) (86.71) (91.08) (78) (78.06) (85.89) (69) (72.64) (81.42)

100
0.00 f ± 0 0.00 f ± 0 0.00 f ± 0 7.00 e ± 1.24 0.44 f ± 0.19 0.24 f ± 0.02 15.00 e ± 1.58 0.68 f ± 0.71 0.88 f ± 0.33

(100) (100) (100) (93) (86.21) (96.11) (85) (78.62) (85.78)

Z. mays

0.00
100.00 a ± 0 2.88 a ± 0.05 5.98 a ± 0.02 100.00 a ± 0 2.79 a ± 0.3 5.90 a ± 0.23 100.00 a ± 0 2.83 a ± 0.25 5.89 a ± 0.24

(0) (0) (0) (0) (0) (0) (0) (0) (0)

6.25
100.00 a ± 0 2.57 b ± 0.01 4.91 b ± 0.03 100.00 a ± 0 2.75 a ± 0.14 5.10 b ± 0.02 100.00 a ± 0 2.79 a ± 0.59 5.13 b ± 0.16

(0) (10.76) (17.89) (0) (1.43) (13.56) (0) (1.41) (12.90)

12.5
92.00 ab ± 2 2.14 c ± 0.02 3.28 c ± 0.25 100.00 a ± 0 2.48 b ± 0.02 3.88 ± 0.22 100.00 a ± 0 2.31 b ± 0.21 3.91 c ± 0.35

(8) (25.69) (45.15) (0) (11.11) (34.24) (0) (18.37) (33.62)

25
85.00 b ± 2.24 1.15 c ± 0.2 1.98 d ± 0.31 90.00 b ± 1.58 2.03 c ± 0.04 2.91 ± 0.35 95.00 a ± 1.58 2.15 c ± 0.13 2.38 d ± 0.01

(15) (60.07) (66.89) (10) (27.24) (50.68) (5) (24.03) (59.59)

50
75.00 c ± 3.53 0.91 e ± 0.35 1.02 e ± 0.04 74.00 c ± 1.87 1.30 d ± 0.01 1.26 ± 0.01 87.00 b ± 2.55 1.16 d ± 0.15 1.56 e ± 0.02

(25) (68.40) (82.94) (26) (53.41) (78.64) (13) (59.01) (73.51)

100
54.00 d ± 1.87 0.56 f ± 0.31 0.39 f ± 0.47 65.00 d ± 3.53 0.91 e ± 0.04 0.77 ± 0.04 79.00 c ± 1.87 0.99 e ± 0.43 0.71 f ± 0.03

(46) (80.56) (93.48) (35) (67.38) (86.95) (21) (65.02) (87.95)
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Table 2. Cont.

Tested Plants Dose (g L−1)
P. hysterophorus C. rutidosperma B. alata

Survival Rate
(%)

Hypocotyl
Length (cm)

Radicle
Length (cm)

Survival Rate
(%)

Hypocotyl
Length (cm)

Radicle
Length (cm)

Survival Rate
(%)

Hypocotyl
Length (cm)

Radicle
Length (cm)

A. esculentus

0.00
100.00 a ± 0 8.71 a ± 0.04 5.00 a ± 0.03 100.00 a ± 0 8.78 a ± 0.11 5.09 a ± 0.02 100.00 a ± 0 8.62 a ± 0.1 5.02 a ± 0.33

(0) (0) (0) (0) (0) (0) (0) (0) (0)

6.25
100.00 a ± 0 6.52 b ± 0.03 3.23 b ± 0.15 100.00 a ± 0 7.05 b ± 0.04 4.00 b ± 0.03 100.00 a ± 0 7.67 b ± 0.03 4.28 b ± 0.15

(0) (25.14) (35.40) (0) (19.70) (21.41) (0) (11.02) (14.74)

12.5
91.00 b ± 1.87 4.44 c ± 0.01 2.64 c ± 0.35 100.00 a ± 0 5.66 c ± 0.18 3.14 c ± 0.01 100.00 a ± 0 6.77 c ± 0.02 3.98 c ± 0.03

(9) (49.02) (47.20) (0) (35.54) (38.31) (0) (21.46) (20.72)

25
81.00 c ± 1.9 2.94 d ± 0.25 1.96 d ± 0.01 90.00 a ± 3.16 3.91 d ± 0.29 2.35 d ± 0.19 94.00 a ± 2.45 5.20 d ± 0.81 3.08 d ± 0.26

(19) (66.24) (60.80) (10) (55.47) (53.83) (6) (39.67) (38.64)

50
50.00 d ± 1.58 1.85 e ± 0.03 1.05 e ± 0.1 70.00 b ± 5.47 2.84 e ± 0.02 1.98 e ± 0.29 78.00 b ± 3.74 4.24 e ± 0.16 2.15 e ± 0.13

(50) (78.76) (79.00) (30) (67.65) (61.10) (22) (50.81) (57.17)

100
15.00 e ± 1.5 1.09 f ± 0.12 0.29 f ± 0.09 36.00 c ± 4 1.90 f ± 0.19 1.09 f ± 0.12 54.00 c ± 2.45 3.00 f ± 0.04 1.29 f ± 0.06

(85) (87.48) (94.20) (64) (78.34) (78.58) (46) (65.20) (74.30)

A. gangeticus

0.00
100.00 a ± 0 3.10 a ± 0.16 2.02 a ± 0.02 100.00 a ± 0 3.09 a ± 0.01 2.04 a ± 0.18 100.00 a ± 0 3.06 a ± 0.03 2.08 a ± 0.25

(0) (0) (0) (0) (0) (0) (0) (0) (0)

6.25
86.00 b ± 1.87 2.33 b ± 0.23 1.20 b ± 0.21 100.00 a ± 0 2.85 b ± 0.16 1.50 b ± 0.24 100.00 a ± 0 3.02 a ± 0.28 1.86 b ± 0.18

(14) (24.84) (40.59) (0) (7.77) (26.47) (0) (4) (10.58)

12.5
70.00 c ± 3.53 1.15 c ± 0.39 0.44 c ± 0.01 80.00 b ± 1.58 1.55 c ± 0.02 0.85 c ± 0.33 88.00 b ± 2.55 2.28 b ± 0.16 0.96 c ± 0.2

(30) (62.90) (78.22) (20) (49.84) (58.33) (12) (25.49) (53.85)

25
30.00 d ± 1.58 0.81 d ± 0.05 0.18 d ± 0.09 44.00 c ± 2.45 1.05 d ± 0.21 0.51 d ± 0.24 53.00 c ± 1.22 1.67 c ± 0.02 0.76 d ± 0.01

(70) (73.87) (91.09) (56) (66.02) (75.00) (47) (45.42) (63.46)

50
0.00 e ± 0 0.00 e ± 0 0.00 e ± 0 11.00 d ± 1 0.58 e ± 0.27 0.22 e ± 0.11 23.00 d ± 1.24 1.02 d ± 0.17 0.47 e ± 0.06

(100) (100) (100) (89) (81.23) (89.21) (77) (66.67) (77.40)

100
0.00 e ± 0 0.00 e ± 0 0.00 e ± 0 0.00 e ± 0 0.00 f ± 0 0.00 f ± 0 12.00 e ± 1.47 0.55 e ± 0.31 0.23 f ± 0.23

(100) (100) (100) (100) (100) (100) (88) (82.03) (88.94)

Data are expressed as mean ± standard error. Means with the same letters in the column for each extract are not significantly different at p > 0.05. Values inside the parenthesis are inhibition percentages relative
to the control.
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3.1.3. Comparison of Methanol Extracts on Examined Initial Growth Parameters
and Plants

The half inhibitory concentrations of each extract for all test species are shown in
Table 3. The effectiveness of the P. hysterophorus extract was higher than the C. rutidosperma
and B. alata extract, as the rank value of C. rutidosperma extract (598.3 g L−1) and B. alata
extract (876.9 g L−1) were more than the P. hysterophorus (393.9 g L−1). The obtained
EC50 showed differences among the response of test plants to the inhibitory effect of
P. hysterophorus, C. rutidosperma, and B. alata (Table 3). The differences in the sensitivity
of species to the extracts were also evident from the rank values of plants. Zea mays was
the only species affected at higher concentrations i.e., 157.7, 206.3, and 329.3 g L−1 of
P. hysterophorus, C. rutidosperma, and B. alata extracts, respectively. In other words, the
Z. mays plant showed more tolerance, which indicates that only a high concentration
of extracts could suppress this plant. The second less sensitive test plant (after Z. mays)
was A. esculentus. The rank value of A. conyzoides, E. hirta, E. colona, Weedy rice, O. sativa,
and A. gangeticus was 22.0, 22.6, 25.7, 26.6, 30.9, and 33.8 g L−1, respectively, when they
were treated with P. hysterophorus extract. The rank values for these tested plant species
were 39.9, 44.2, 39.9, 39.9, 54.3, and 50.9 g L−1, respectively for C. rutidosperma and 50.6,
51.6, 53.6, 55.0, 66.9, and 79.8 g L−1, respectively for B. alata extracts. Therefore, it was
apparent that these tested plant species were most sensitive to P. hysterophorus extract.

Table 3. EC50 and rank value (Re) of P. hysterophorus, C. rutidosperma, and B. alata methanol extract for the tested species.

Target
Plants

P. hysterophorus C. rutidosperma B. alata

ECs50 ECh50 ECr50 Rank (Re) ECs50 ECh50 ECr50 Rank (Re) ECs50 ECh50 ECr50 Rank (Re)

g L−1

A. conyzoides 10.93 7.15 3.96 22.04 22.39 11.28 6.27 39.94 26.59 17.26 6.77 50.62
E. hirta 11.14 6.91 4.59 22.64 23.48 11.01 9.73 44.22 27.81 16.44 7.38 51.63

E. colona 11.73 9.38 4.54 25.65 23.84 10.59 5.42 39.85 28.60 16.89 8.08 53.57
Weedy rice 13.47 8.72 4.43 26.62 21.88 11.67 6.38 39.93 27.55 17.90 9.59 55.04

O. sativa 15.71 9.01 6.13 30.85 27.84 19.85 6.63 54.32 34.83 24.73 7.33 66.89
A. gangeticus 15.65 10.73 7.38 33.76 22.59 16.83 11.46 50.88 30.64 31.71 17.47 79.82

A. esculentus 46.77 14.72 13.21 74.7 74.56 23.47 24.83 122.86 104.70 47.32 37.98 190.00
Z. mays 115.46 26.24 15.96 157.66 131.86 52.07 22.34 206.27 254.07 50.44 21.77 329.28

Rank (Re) 240.86 92.86 60.24 393.92 348.44 156.77 93.06 598.27 534.79 222.69 116.37 876.85

ECs50, ECh50, and ECr50 are the concentration of extracts that inhibits 50% of germination, hypocotyl and radicle respectively and Rank is
the sum of ECs50, ECh50, and ECr50.

3.2. Glasshouse Experiment
3.2.1. Effect of Methanol Extract on Plant Height, Root Length, Leaf Area, and Total
Chlorophyll Content of Weeds

Data regarding the effect of the foliar spray of methanol extracts of P. hysterophorus,
C. rutidosperma, and B. alata on control (%), plant height, and root length of tested weeds are
presented in Table 4. Among all the tested weeds, only A. conyzoides was controlled by 80%
and 100% when sprayed with P. hysterophorus at a concentration of 50 g L−1 and 100 g L−1,
respectively. A similar trend was observed where an increase in the concentration of
each treatment resulted in a remarkable reduction in plant height. Among the treatments,
P. hysterophorus showed a more phytotoxic effect on the plant height of tested weeds
compared to C. rutidosperma and B. alata at the highest concentration (100 g L−1). At
the same concentration, P. hysterophorus extract caused 100%, 60.0%, 20.4%, and 19.2%
reduction in plant height of A. conyzoides, E. hirta, Weedy rice, and E. colona, respectively.
On the other hand, 8.1to 11.1% and 5.6 to 8.6% plant height reduction was achieved by
C. rutidosperma and B. alata extracts, respectively for all tested weeds.
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Table 4. Effect of methanol extract of P. hysterophorus, C. rutidosperma, and B. alata on the control (%), plant height (cm) and root length (cm) of A. conyzoides, E. hirta, weedy rice, and
E. colona.

Tested Weeds Dose (g L−1)
Control (%) Plant Height (cm) Root Length (cm)

PH CR BA PH CR BA PH CR BA

A. conyzoides

0 0.00 a ± 0 0.00 a ± 0 0.00 a ± 0
56.79 a ± 0.83 57.34 a ± 1.33 57.57 a ± 0.63 28.18 a ± 1.53 27.59 a ± 2.18 28.10 a ± 0.21

(0) (0) (0) (0) (0) (0)

6.25 0.00 a ± 0 0.00 a ± 0 0.00 a ± 0
51.98 b ± 0.57 56.62 a ± 3.2 57.05 a ± 0.56 23.92 c ± 1.16 26.88 b ± 1.17 27.78 a ± 0.76

(8.45) (1.27) (0.90) (15.09) (2.56) (1.12)

12.5 0.00 a ± 0 0.00 a ± 0 0.00 a ± 0
46.11 b ± 0.79 56.40 a ± 3.4 57.02 a ± 2.37 21.38 c ± 0.19 26.77 b ± 2.21 27.70 a ± 2.51

(18.75) (1.65) (0.94) (24.13) (2.97) (1.41)

25 10.00 a ± 5.77 0.00 a ± 0 0.00 a ± 0
37.08 b ± 1.00 55.87 a ± 4.6 56.34 a ± 4.76 15.53 b ± 0.99 26.23 a ± 1.77 27.16 a ± 1.95

(34.72) (2.58) (2.13) (44.91) (4.92) (3.36)

50 80.00 a ± 8.16 0.00 b ± 0 0.00 b ± 0
13.30 b ± 4.46 54.03 a ± 0.49 55.45 a ± 0.78 4.65 b ± 1.57 25.10 a ± 0.89 26.23 a ± 0.67

(76.69) (5.76) (3.70) (83.53) (9.00) (6.66)

100 100.00 a ± 0 0.00 b ± 0 0.00 b ± 0
0.00 c ± 0 51.02 b ± 1.11 53.75 a ± 0.49 0.00 c ± 0 21.41 b ± 0.28 24.00 a ± 1.5

(100) (11.03) (6.63) (100) (22.40) (14.56)

E. hirta

0 0.00 a ± 0 0.00 a ± 0 0.00 a ± 0
42.24 a ± 0.22 42.51 a ± 0.41 42.35 a ± 0.21 29.87 a ± 0.29 30.48 a ± 0.20 30.24 a ± 0.3

(0) (0) (0) (0) (0) (0)

6.25 0.00 a ± 0 0.00 a ± 0 0.00 a ± 0
38.45 b ± 0.59 41.65 a ± 0.39 42.00 a ± 1.37 26.23 b ± 0.9 29.94 a ± 0.32 29.89 a ± 0.28

(8.98) (2.01) (0.82) (12.18) (1.77) (1.13)

12.5 0.00 a ± 0 0.00 a ± 0 0.00 a ± 0
35.93 b ± 3.45 41.52 a ± 0.38 41.74 a ± 0.78 24.16 b ± 0.11 29.37 a ± 1.31 29.63 a ± 0.39

(14.93) (2.33) (1.43) (19.09) (3.64) (2.01)

25 0.00 a ± 0 0.00 a ± 0 0.00 a ± 0
31.01 b ± 4.63 41.43 a ± 0.45 41.39 a ± 1.21 20.23 b ± 0.58 28.76 a ± 0.28 28.98 a ± 0.32

(26.59) (2.54) (2.24) (32.26) (5.62) (4.15)

50 25.00 a ± 0 0.00 b ± 0 0.00 b ± 0
26.34 b ± 0.98 40.25 a ± 0.32 40.55 a ± 2.13 14.46 b ± 2.5 27.81 a ± 0.32 27.80 a ± 1.12

(37.64) (5.31) (4.23) (51.61) (8.76) (8.07)

100 55.00 a ± 0 0.00 b ± 0 0.00 b ± 0
16.51 b ± 0.48 38.34 a ± 0.24 38.71 a ± 0.69 8.79 b ± 0.65 24.50 a ± 0.88 25.39 a ± 0.45

(60.91) (9.79) (8.59) (70.58) (19.62) (16.02)
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Table 4. Cont.

Tested Weeds Dose (g L−1)
Control (%) Plant Height (cm) Root Length (cm)

PH CR BA PH CR BA PH CR BA

Weedy rice

0 0.00 a ± 0 0.00 a ± 0 0.00 a ± 0
79.64 a ± 2.56 80.19 a ± 0.72 80.04 a ± 2.12 27.01 a ± 1.88 26.79 a ± 0.64 26.66 a ± 0.24

(0) (0) (0) (0) (0) (0)

6.25 0.00 a ± 0 0.00 a ± 0 0.00 a ± 0
77.86 b ± 1.93 79.55 a ± 2.89 79.92 a ± 0.54 25.57 b ± 0.37 26.25 a ± 0.85 26.32 a ± 0.03

(2.24) (0.80) (0.16) (5.32) (2.01) (1.29)

12.5 0.00 a ± 0 0.00 a ± 0 0.00 a ± 0
77.51 c ± 1.31 78.72 b ± 1.83 79.48 a ± 1.48 24.18 c ± 1.12 25.77 b ± 0.14 26.21 a ± 0.11

(2.67) (1.84) (0.70) (10.47) (3.80) (1.69)

25 0.00 a ± 0 0.00 a ± 0 0.00 a ± 0
73.61 c ± 0.67 77.74 b ± 0.65 78.65 a ± 1.08 22.54 b ± 0.23 25.32 a ± 1.2 25.44 a ± 1.2

(7.58) (3.06) (1.74) (16.55) (5.50) (4.58)

50 0.00 a ± 0 0.00 a ± 0 0.00 a ± 0
69.54 b ± 1.81 76.29 a ± 2.66 77.02 a ± 0.75 20.09 b ± 0.43 23.93 a ± 0.77 24.61 a ± 0.25

(12.68) (4.87) (3.78) (25.60) (10.68) (7.69)

100 0.00 a ± 0 0.00 a ± 0 0.00 a ± 0
63.38 c ± 1.33 73.72 b ± 1.87 75.55 a ± 0.98 15.66 b ± 0.26 21.96 a ± 0.42 22.13 a ± 0.45

(20.41) (8.07) (5.61) (41.99) (18.03) (17.02)

E. colona

0 0.00 a ± 0 0.00 a ± 0 0.00 a ± 0
81.77 a ± 0.25 82.05 a ± 0.72 82.47 a ± 1.23 20.22 a ± 0.03 20.11 a ± 0.11 19.99 a ± 0.21

(0) (0) (0) (0) (0) (0)

6.25 0.00 a ± 0 0.00 a ± 0 0.00 a ± 0
80.61 b ± 1.09 81.62 ab ±

0.28 82.35 a ± 0.54 19.08 b ± 0.06 19.59 a ± 0.62 19.65 a ± 0.28

(1.41) (0.53) (0.14) (5.61) (2.56) (1.68)

12.5 0.00 a ± 0 0.00 a ± 0 0.00 a ± 0
79.06 b ± 1.13 81.12 a ± 1.83 82.03 a ± 1.47 18.20 b ± 0.27 19.50 a ± 0.41 19.57 a ± 0.03

(3.31) (1.14) (0.53) (9.78) (3.03) (2.09)

25 0.00 a ± 0 0.00 a ± 0 0.00 a ± 0
75.52 b ± 0.62 80.12 a ± 0.55 81.50 a ± 0.8 16.35 b ± 0.13 18.93 a ± 0.68 18.88 a ± 0.67

(7.64) (2.36) (1.17) (19.11) (5.86) (5.52)

50 0.00 a ± 0 0.00 a ± 0 0.00 a ± 0
71.52 b ± 2.18 78.15 a ± 0.65 79.64 a ± 0.32 15.06 b ± 0.56 18.16 a ± 0.28 18.06 a ± 0.50

(12.53) (4.77) (3.43) (25.52) (9.69) (9.62)

100 0.00 a ± 0 0.00 a ± 0 0.00 a ± 0
66.10 b ± 0.79 75.38 a ± 0.87 76.89 a ± 0.21 13.07 b ± 0.21 16.90 a ± 0.63 17.07 a ± 0.76

(19.17) (8.13) (6.76) (35.32) (15.93) (14.62)

Data are expressed as mean. Means ± standard error with same letters in the row for each extract are not significantly different at p > 0.05. Values inside the parenthesis are inhibition percentages relative to the
control. Note: PH = P. hysterophorus, CR = C. rutidosperma, BA = B. alata.
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Among the tested weeds, the root length of A. conyzoides was inhibited completely
(100%) when sprayed with 100 g L−1 P. hysterophorus extract. The inhibition of root length
of all tested weeds ranged from 35.3 to 100%, 15.9 to 22.4%, and 14.6 to 16.5% at the same
concentration (100 g L−1) of P. hysterophorus, C. rutidosperma, and B. alata, respectively.

Declined leaf area and total chlorophyll content of all tested weeds werealso observed
with an increase in the foliar spray of methanol extracts of P. hysterophorus, C. rutidosperma,
and B. alata. Similar to plant height and root length, the leaf area and total chlorophyll of
A. conyzoides were most affected by the foliar spray of P. hysterophorus extract compared to
the others (Table 5). Leaf area inhibition of A. conyzoides, E. hirta, Weedy rice, and E. colona
ranged from 15 to 100%, 12 to 70%, 5.3 to 42.0%, and 5.6 to 35.3%, respectively when
sprayed with an increased amount of P. hysterophorus extract. A similar trend was also
observed for total chlorophyll. The inhibition percentage for leaf area and total chlorophyll
of all tested weeds ranged from 15.3 to 19.4 and 12.0 to 18.90 when sprayed with the highest
concentration of C. rutidosperma and B. alata extracts, respectively.

3.2.2. Effect of Methanol Extract on Total Fresh and Dry Weight of Weeds

Total fresh and dry weights of all tested weeds were significantly influenced by the
foliar spray of P. hysterophorus extract in a concentration-dependent pattern compared to
C. rutidosperma and B. alata extract (Table 5). The control obtained the highest fresh and dry
weight. However, the reduction differed among the targeted species and the treatments.
Parthenium hysterophorus extract reduced the fresh and dry weight of tested weeds from
35.3 to 100% and 43.0 to 100% at 100 g L−1 compared to the control, respectively. At 50 g L−1

concentration, the foliar spray of P. hysterophorus extract reduced 52.8% and 87.1% total
fresh weight and 56.0% and 90% total dry weight of E. hirta and A. conyzoides, respectively.
On the other hand, among the treatments, the highest fresh and dry weight was recorded
when different concentrations of C. rutidosperma and B. alata extracts were applied on the
tested weeds (Table 5).

3.2.3. Phytotoxic Effect of Methanol Extracts on Plant Height and Root Length of Crops

The effect of treatments on the development of tested crops at the maturity stage is
shown in Table 6. The result indicated that the suppressive magnitude of applied extracts
was species-dependent. Plant height of all tested crops except Z. mays was significantly
influenced by the extract of P. hysterophorus compared to C. rutidosperma and B. alata extract.
There was no significant difference between the activities of C. rutidosperma and B. alata at
the lowest concentration. The highest plant height reduction (62.2%) occurred at 100 g L−1

concentration of P. hysterophorus for A. gangeticus, and only 20.4% plant height of O. sativa
was reduced at the same concentration (Table 6).
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Table 5. Effect of methanol extract of P. hysterophorus, C. rutidosperma, and B. alata on leaf area (cm2), total chlorophyll (SPAD), total fresh weight (g pot−1), and total dry weight (g pot−1) of
A. conyzoides, E. hirta, weedy rice, and E. colona.

Tested
Weeds

Dose
(g L−1)

Leaf Area (cm2) Total Chlorophyll (SPAD) Total Fresh Weight (g pot−1) Total Dry Weight (g pot−1)

PH CR BA PH CR BA PH CR BA PH CR BA

A.
conyzoides

0 811.72 a± 4.74 816.68 a± 2.53 813.86 a± 5.12 33.61 a± 0.11 34.01 a± 0.28 33.45 a± 0.03 87.87 a± 0.57 89.01 a± 0.41 88.71 a± 0.15 12.06 a± 0.22 12.27 a± 0.21 12.10 a± 0.19
(0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0)

6.25 682.81 b± 1.85 811.44 a± 2.22 813.04 a± 5.10 29.87 a± 0.02 33.14 a± 0.03 33.10 a± 0.02 76.18 b± 0.44 87.25 a± 0.56 87.69 a± 0.31 10.66 b± 0.23 11.94 a± 0.25 12.02 a± 0.20
(15.87) (0.64) (0.10) (11.13) (2.56) (1.05) (13.30) (1.98) (1.15) (11.63) (2.69) (0.69)

12.5 525.31 b± 5.23 806.17 a± 2.39 806.13 a± 3.67 26.74 b± 0.20 32.26 a± 0.17 32.69 a± 0.09 66.84 b± 0.57 86.84 a± 0.45 87.25 a± 0.25 9.53 b± 0.20 11.65 a± 0.23 11.85 a± 0.18
(35.28) (1.29) (0.95) (20.45) (5.16) (2.28) (23.92) (2.44) (1.65) (20.95) (5.07) (2.09)

25 319.16 b± 6.92 785.42 a± 3.01 791.36 a± 3.58 24.43 c ±
0.05 30.16 b± 0.01 31.44 a± 0.15 48.62 b± 0.80 84.03 a± 0.48 84.81 a± 0.44 7.16 b± 0.18 11.23 a± 0.19 11.49 a± 0.21

(60.69) (3.83) (2.76) (27.31) (11.32) (6.02) (44.69) (5.60) (4.40) (40.60) (8.50) (5.07)

50 125.20 b± 4.20 750.16 a± 3.60 758.11 a± 6.05 15.09 b± 1.12 28.94 a± 0.02 29.33 a± 0.01 11.34 b± 1.81 80.83 a± 0.54 82.25 a± 0.42 1.19 b± 0.43 10.71 a± 0.25 10.94 a± 0.25
(84.54) (8.15) (6.85) (54.96) (14.91) (12.31) (87.05) (9.91) (7.28) (89.97) (12.70) (9.62)

100 0.00 c ± 0 675.67 b± 3.06 716.05 a± 1.90 0.00 b ± 0 26.68 a± 0.03 26.65 a± 0.02 0.00 b ± 0 74.08 a± 0.24 75.96 a± 0.84 0.00 b ± 0 9.89 a± 0.20 9.98 c± 0.19
(100) (17.27) (12.01) (100) (21.55) (20.32) (100) (16.77) (14.38) (100) (19.42) (17.45)

E. hirta

0 116.96 a± 0.27 117.25 a± 0.11 117.02 a± 0.69 44.45 a± 0.30 45.07 a± 0.20 44.79 a± 0.24 23.37 a± 0.16 24.05 a± 0.25 23.76 a± 0.22 7.70 a± 0.06 7.88 a± 0.08 7.69 a± 0.43
(0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0)

6.25 100.24 b± 0.40 116.33 a± 0.14 116.82 a± 0.12 40.43 b± 0.16 44.33 a± 0.07 44.49 a± 0.23 20.80 b± 0.13 23.36 a± 0.27 23.35 a± 0.47 6.73 b± 0.04 7.50 a± 0.05 7.51 a± 0.45
(14.29) (0.78) (0.17) (9.03) (1.64) (0.66) (10.99) (2.87) (1.73) (12.63) (4.75) (2.40)

12.5 85.91 b ± 1.05 115.54 a± 0.26 115.59 a± 0.26 37.60 b± 0.18 43.85 a± 0.11 43.75 a± 0.25 18.41 b± 0.11 23.14 a± 0.26 23.32 a± 0.27 5.93 b± 0.03 7.39 b± 0.04 7.39 b± 0.62
(26.54) (1.45) (1.22) (15.41) (2.71) (2.33) (21.21) (3.81) (1.86) (23.01) (6.15) (3.90)

25 71.46 b ± 0.49 112.79 a± 0.63 112.94 a± 0.23 35.30 b± 0.01 43.00 a± 0.04 42.52 a± 0.21 13.62 b± 1.08 22.52 a± 0.28 23.02 a± 0.17 4.50 b± 0.13 7.19 a± 0.21 7.28 a± 0.41
(38.90) (3.80) (3.49) (20.59) (4.59) (5.07) (41.68) (6.39) (3.13) (41.53) (8.72) (5.33)

50 58.58 b ± 0.27 108.54 a± 0.86 109.56 a± 0.38 30.30 c ±
0.08 41.19 a± 0.17 40.37 b± 0.27 11.04 b± 0.10 21.99 a± 0.29 22.23 a± 0.24 3.39 b± 0.12 6.93 a± 0.34 6.99 a± 0.18

(49.91) (7.43) (6.37) (31.83) (8.61) (9.87) (52.75) (8.58) (6.43) (55.97) (12.08) (9.07)

100 38.95 b ± 0.96 99.28 a ± 0.72 100.44 a± 1.29 21.88 b± 0.58 36.77 a± 0.21 37.37 a± 0.24 7.04 b± 0.11 20.37 a± 0.30 20.41 a± 0.19 1.92 b± 0.06 6.43 a± 0.64 6.41 a± 0.49
(66.70) (15.32) (14.17) (50.75) (18.41) (16.57) (69.88) (15.31) (14.08) (75.13) (18.42) (16.64)

Weedy
rice

0 227.23 a± 0.19 226.87 a± 0.13 226.96 a± 0.97 33.65 a± 0.18 34.04 a± 0.18 33.74 a± 0.22 85.74 a± 0.08 85.56 a± 0.14 85.27 a± 0.14 20.03 a± 0.15 20.44 a± 0.12 20.28 a± 0.03
(0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0)

6.25 220.65 b± 0.30 225.79 a± 0.23 225.81 a± 0.24 32.03 b± 0.54 33.41 a± 0.12 33.52 a± 0.64 79.14 b± 0.17 83.95 a± 0.07 84.17 b± 0.12 18.85 b± 0.08 19.98 a± 0.01 20.06 a± 0.49
(2.89) (0.47) (0.51) (4.81) (1.87) (0.64) (7.69) (1.88) (1.28) (5.87) (2.26) (1.06)

12.5 210.58 b± 0.47 222.16 a± 0.27 222.51 a± 0.25 28.81 c ±
0.24 32.26 b± 0.22 33.01 b± 0.32 74.60 b± 0.22 81.86 a± 0.14 81.54 a± 0.22 17.54 b± 0.18 19.54 a± 0.03 19.67 a± 0.07

(7.33) (2.08) (1.96) (14.40) (5.25) (2.16) (13.00) (4.32) (4.38) (12.41) (4.40) (3.01)

25 182.94 b± 3.12 216.98 a± 2.11 215.72 a± 0.96 25.72 c ±
0.76 31.61 b± 0.09 32.15 a± 0.13 68.56 b± 0.52 78.62 a± 0.37 79.56 a± 0.14 15.30 c ±

0.05 18.62 b± 0.04 19.05 a± 0.11
(19.50) (4.36) (4.95) (23.56) (7.14) (4.70) (20.03) (8.11) (6.69) (23.62) (8.89) (6.07)

50
156.16 c ±

0.35 204.41 b± 1.99 210.51 a± 0.31 24.34 c ±
0.32 29.06 b± 0.07 29.88 a± 0.11 59.51 b± 0.12 74.00 a± 0.26 74.12 a± 0.23 13.62 b± 0.07 16.87 a± 0.2 17.15 a± 0.33

(31.28) (9.90) (7.25) (27.66) (14.62) (11.44) (30.59) (13.51) (13.07) (31.99) (17.47) (15.42)

100
125.33 c ±

0.12 182.76 b± 0.48 187.56 a± 0.60 22.12 c ±
0.43 27.21 b± 0.08 28.32 a± 0.60 50.51 b± 0.23 67.88 a± 0.46 68.60 a± 0.09 11.61 c ±

0.08 14.14 b± 0.06 14.71 a± 0.55
(44.84) (19.44) (17.36) (34.26) (20.07) (16.06) (41.09) (20.66) (19.55) (42.02) (30.81) (27.47)
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Table 5. Cont.

Tested
Weeds

Dose
(g L−1)

Leaf Area (cm2) Total Chlorophyll (SPAD) Total Fresh Weight (g pot−1) Total Dry Weight (g pot−1)

PH CR BA PH CR BA PH CR BA PH CR BA

E. colona

0 337.61 a± 0.29 338.02 a± 0.10 337.05 a± 0.44 32.90 a± 0.55 32.81 a± 0.52 33.05 a± 0.27 167.46 a± 0.26 168.42 a± 0.28 168.36 a± 0.21 41.17 a± 0.29 41.77 a± 0.20 41.89 a± 0.06
(0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0)

6.25 317.54 b± 1.13 329.60 a± 0.73 332.89 a± 0.96 31.32 a± 0.42 32.06 a± 0.50 32.71 a± 0.28 160.79 b± 0.41 167.00 a± 0.24 167.17 a± 0.26 38.13 b± 0.11 40.97 a± 0.21 41.41 a± 0.05
(5.95) (2.49) (1.23) (4.79) (2.29) (1.04) (3.98) (0.84) (0.71) (7.38) (1.93) (1.13)

12.5 304.54 b± 2.27 326.85 a± 1.42 324.64 a± 0.94 30.11 b± 0.50 31.28 ab ±
0.43 32.20 a± 0.22 155.66 b± 0.61 164.69 a± 0.28 164.59 a± 0.35 35.83 b± 0.13 40.21 a± 0.19 40.74 a± 0.08

(9.80) (3.30) (3.68) (8.49) (4.64) (2.58) (7.04) (2.21) (2.24) (12.95) (3.73) (2.75)

25 273.88 b± 1.43 319.60 a± 0.73 317.62 a± 1.33 27.09 b± 0.39 30.09 a± 0.45 31.15 a± 0.25 144.59 b± 0.93 159.70 a± 0.18 161.44 a± 0.25 31.57 b± 0.06 39.39 a± 0.27 39.75 a± 0.66
(18.88) (5.45) (5.77) (17.57) (8.16) (5.76) (13.65) (5.18) (4.11) (23.31) (5.71) (5.11)

50 244.88 b± 1.60 302.10 a± 1.35 305.37 a± 2.12 25.57 b± 0.08 28.93 a± 0.38 28.96 a± 0.42 132.62 b± 0.44 152.36 a± 0.58 153.52 a± 0.41 28.04 b± 0.38 37.56 a± 0.22 37.98 a± 0.19
(27.47) (3.63) (9.40) (22.21) (11.82) (12.40) (20.80) (9.53) (8.81) (31.88) (10.07) (9.33)

100 194.72 b± 0.52 274.46 a± 0.13 273.37 a± 2.11 18.09 b± 0.28 25.53 a± 0.09 26.23 a± 0.31 108.79 b± 1.17 139.82 a± 0.33 141.25 a± 0.57 23.46 b± 0.18 33.64 a± 0.38 34.48 a± 0.17
(42.32) (18.80) (18.90) (44.99) (22.11) (20.61) (35.03) (16.98) (16.10) (42.99) (19.46) (17.69)

Data are expressed as mean ± standard error. Means with the same letters in the row for each extract are not significantly different at p > 0.05. Values inside the parenthesis are inhibition percentages relative to
the control. In the table, PH = P. hysterophorus, CR = C. rutidosperma, BA = B. alata.

Table 6. Effect of methanol extract of P. hysterophorus, C. rutidosperma, and B. alata on the control (%), plant height (cm), and root length (cm) of O. sativa, Z. mays, A. esculentus, and
A. gangeticus.

Tested Crops Dose (g L−1)
Control (%) Plant Height (cm) Root Length (cm)

PH CR BA PH CR BA PH CR BA

O. sativa

0 0.00 a ± 0 0.00 a ± 0 0.00 a ± 0
77.07 a ± 0.56 76.99 a ± 0.65 77.05 a ± 0.17 27.38 a ± 0.13 27.34 a ± 0.22 27.72 a ± 0.45

(0) (0) (0) (0) (0) (0)

6.25 0.00 a ± 0 0.00 a ± 0 0.00 a ± 0
75.50 b ± 0.32 76.50 a ± 1.18 76.75 a ± 0.22 26.05 b ± 0.73 26.93 a ± 0.42 27.3 a ± 1.22

(2.04) (0.64) (0.38) (4.84) (1.50) (1.52)

12.5 0.00 a ± 0 0.00 a ± 0 0.00 a ± 0
72.92 c ± 1.27 75.91 b ± 2.11 76.45 a ± 1.21 24.96 b ± 0.11 26.39 a ± 0.20 27.01 a ± 0.32

(5.38) (1.41) (0.77) (8.85) (3.46) (2.56)

25 0.00 a ± 0 0.00 a ± 0 0.00 a ± 0
69.99 c ± 0.64 74.92 b ± 0.75 75.69 a ± 0.63 23.10 b ± 0.01 25.74 a ± 0.98 26.41 a ± 0.53

(9.19) (2.69) (1.76) (15.64) (5.83) (4.73)

50 0.00 a ± 0 0.00 a ± 0 0.00 a ± 0
67.60 c ± 1.6 73.70 b ± 1.22 74.50 a ± 1.86 20.87 b ± 0.32 24.48 a ± 1.22 25.21 a ± 0.31

(12.21) (4.27) (3.31) (23.81) (10.45) (9.03)

100 0.00 a ± 0 0.00 a ± 0 0.00 a ± 0
61.34 b ± 0.70 70.66 a ± 0.93 72.07 a ± 0.13 16.81 c ± 0.16 22.22 b ± 0.30 23.28 a ± 0.82

(20.40) (8.22) (6.46) (38.61) (18.73) (16.00)
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Table 6. Cont.

Tested Crops Dose (g L−1)
Control (%) Plant Height (cm) Root Length (cm)

PH CR BA PH CR BA PH CR BA

Z. mays

0 0.00 a ± 0 0.00 a ± 0 0.00 a ± 0
132.84 a ± 1.14 131.73 a ± 0.40 130.14 a ± 0.51 38.29 b ± 0.71 38.78 a ± 1.07 38.64 a ± 0.21

(0) (0) (0) (0) (0) (0)

6.25 0.00 a ± 0 0.00 a ± 0 0.00 a ± 0
129.45 a ± 0.26 129.58 a ± 0.21 129.73 a ± 2.42 36.99 b ± 1.17 38.17 a ± 0.85 38.02 a ± 0.19

(2.53) (1.63) (0.32) (3.39) (1.57) (1.62)

12.5 0.00 a ± 0 0.00 a ± 0 0.00 a ± 0
126.13 b± 0.37 129.30 a ± 1.23 129.04 a ± 0.68 35.79 b ± 0.24 37.65 a ± 1.18 37.64 a ± 2.60

(5.03) (1.85) (0.84) (6.52) (2.89) (2.60)

25 0.00 a ± 0 0.00 a ± 0 0.00 a ± 0
121.02 c ± 1.16 128.41 a ± 1.58 127.56 b± 0.21 32.37 b ± 0.54 36.99 a ± 0.54 36.84 a ± 1.65

(8.87) (2.52) (1.98) (15.46) (4.59) (4.67)

50 0.00 a ± 0 0.00 a ± 0 0.00 a ± 0
110.99 b± 0.57 125.03 a ± 0.98 125.50 a ± 0.41 30.00 b ± 0.71 35.34 a ± 0.87 35.52 a ± 0.84

(16.42) (5.08) (3.56) (21.66) (8.85) (8.09)

100 0.00 a ± 0 0.00 a ± 0 0.00 a ± 0
97.39 b ± 0.49 119.77 a ± 0.54 120.71 a ± 0.33 23.41 b ± 0.45 32.41 a ± 0.11 32.67 a ± 0.11

(26.67) (9.09) (7.25) (38.88) (16.41) (15.44)

A. esculentus

0 0.00 a ± 0 0.00 a ± 0 0.00 a ± 0
30.13 a ± 1.26 29.68 a ± 0.80 29.46 a ± 0.97 29.61 a ± 0.64 29.91 a ± 0.80 30.01 a ± 1.10

(0) (0) (0) (0) (0) (0)

6.25 0.00 a ± 0 0.00 a ± 0 0.00 a ± 0
27.27 b ± 1.15 28.99 a ± 0.68 29.22 ± 1.28 26.13 b ± 1.15 29.01 a ± 0.68 29.12 a ± 0.28

(9.43) (2.32) (0.81) (11.74) (2.98) (2.96)

12.5 0.00 a ± 0 0.00 a ± 0 0.00 a ± 0
26.04 c ± 0.49 28.60 b ± 1.13 29.00 a ± 1.10 22.74 c ± 0.49 28.19 b ± 1.13 29.00 a ± 0.32

(13.55) (3.63) (1.56) (23.21) (5.73) (3.35)

25 0.00 a ± 0 0.00 a ± 0 0.00 a ± 0
21.60 b ± 0.28 28.14 a ± 0.53 28.50 a ± 2.44 18.29 c ± 0.55 27.16 b ± 0.53 27.92 a ± 0.44

(28.31) (5.17) (3.28) (38.24) (9.19) (6.95)

50 0.00 a ± 0 0.00 a ± 0 0.00 a ± 0
17.94 c ± 1.03 27.07 b ± 0.91 27.98 a ± 1.05 16.29 b ± 1.03 25.70 a ± 1.91 26.12 a ± 0.48

(40.43) (8.78) (5.02) (45.00) (14.06) (12.96)

100 0.00 a ± 0 0.00 a ± 0 0.00 a ± 0
15.09 b ± 0.46 25.50 a ± 0.17 26.39 a ± 0.44 11.28 b ± 0.46 23.62 a ± 0.02 23.40 a ± 1.14

(49.91) (14.07) (10.44) (61.91) (21.00) (22.03)
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Table 6. Cont.

Tested Crops Dose (g L−1)
Control (%) Plant Height (cm) Root Length (cm)

PH CR BA PH CR BA PH CR BA

A. gangeticus

0 0.00 a ± 0 0.00 a ± 0 0.00 a ± 0
66.78 a ± 1.40 67.02 a ± 1.12 66.61 a ± 0.58 29.57 a ± 1.44 29.34 a ± 0.64 29.19 a ± 0.69

(0) (0) (0) (0) (0) (0)

6.25 0.00 a ± 0 0.00 a ± 0 0.00 a ± 0
61.64 b ± 2.41 65.83 a ± 0.63 65.53 a ± 0.87 25.04 b ± 0.74 28.57 a ± 1.16 28.63 a ± 0.81

(7.68) (1.78) (1.62) (15.32) (2.64) (1.92)

12.5 0.00 a ± 0 0.00 a ± 0 0.00 a ± 0
58.50 b ± 0.31 65.26 a ± 0.10 65.15 a ± 1.29 21.18 c ± 1.01 28.18 b ± 0.43 28.53 a ± 0.61

(12.39) (2.63) (2.20) (28.37) (3.95) (2.26)

25 0.00 a ± 0 0.00 a ± 0 0.00 a ± 0
50.16 b ± 1.27 64.24 a ± 0.23 63.98 a ± 0.41 18.24 c ± 0.64 27.33 b ± 0.61 27.88 a ± 1.84

(24.87) (4.15) (3.95) (38.33) (6.86) (4.50)

50 0.00 a ± 0 0.00 a ± 0 0.00 a ± 0
37.16 b ± 0.76 62.71 a ± 1.18 62.48 a ± 1.04 13.91 b ± 0.91 26.54 a ± 1.11 26.18 a ± 0.18

(44.34) (6.43) (6.20) (52.96) (9.55) (10.33)

100 0.00 a ± 0 0.00 a ± 0 0.00 a ± 0
25.22 b ± 0.64 59.41 a ± 0.92 59.21 a ± 0.91 8.23 b ± 1.23 23.91 a ± 0.24 24.54 a ± 0.33

(62.22) (11.36) (11.11) (72.15) (18.52) (15.94)

Data are expressed as mean ± standard error.Means with the same letters in the row for each extract are not significantly different at p > 0.05. Values inside the parenthesis are inhibition percentages relative to
the control. Note: PH = P. hysterophorus, CR = C. rutidosperma, BA = B. alata.
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Root lengths of all tested plants were significantly decreased by all the applied extracts.
Among the species, root length was more reduced in A. gangeticus at 100 g L−1 concentration
of P. hysterophorus with an inhibition index of 72.2% followed by 61.9%, 38.9%, and 38.6%
in A. esculentus, Z. mays, and O. sativa, respectively. This indicates that the effects caused
by the P. hysterophorus extract on the plant height and root length were more prominent
at higher concentrations across the species. The C. rutidosperma and B. alata extracts were
less phytotoxic on the plant height and root length of the tested crops compared to P.
hysterophorus extract. The extract of C. rutidosperma inhibited the plant height and root
length of the tested crops by 8.2 to 14.1% and 9.2 to 21.0%, respectively.

3.2.4. Phytotoxic Effect of Methanol Extracts on Leaf Area, Total Chlorophyll, Fresh and
Dry Weight of Crops

Foliar spray of P. hysterophorus, C. rutidosperma,and B. alata extract had a significant
effect on leaf area and chlorophyll content of the test species (Table 7). The effects of
P. hysterophorus extracts showed a decline from 6.3 to 61.0% at the lowest (6.25 g L−1)
to the highest (100 g L−1) concentrations on the leaf area of A. esculentus, while 3.88 to
37.97% was recorded in O. sativa. The chlorophyll content of all tested crops except
O. sativa was significantly affected by the foliar spray of P. hysterophorus extract at the
concentration of 6.25 g L−1. The test crop A. esculentus showed a 17.3% decrease in
chlorophyll content compared to O. sativa when sprayed with P. hysterophorus extract at the
highest concentration (100 g L−1). Leaf area and chlorophyll content of A. gangeticus was
inhibited by 22.1% and 18.3% by C. rutidosperma extract and 16.9% and 19.0% by B. alata
extract, respectively at 100 g L−1 concentration.
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Table 7. Effect of methanol extract of P. hysterophorus, C. rutidosperma,and B. alata on leaf area(cm2), total chlorophyll (SPAD), total fresh and dry weight (g pot−1) of O. sativa, Z. mays, A.
esculentus, and A. gangeticus.

Tested
Crops

Dose
(g L−1)

Leaf Area (cm2) Total Chlorophyll (SPAD) Total Fresh Weight (g pot−1) Total Dry Weight (g pot−1)

PH CR BA PH CR BA PH CR BA PH CR BA

O. sativa

0 321.46 a ± 4.17 324.19 a ± 2.80 323.94 a ± 3.80 36.93 a± 0.27 37.52 a± 0.17 37.13 a± 0.05 96.03 a± 0.25 95.54 a± 0.27 95.13 a± 0.24 17.17 a ± 0.17 17.46 a± 0.13 17.09 a± 0.07
(0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0)

6.25 309.02 a ± 5.01 321.99 a ± 2.35 323.29 a ± 3.84 34.73 b± 0.15 36.74 a± 0.21 36.80 a± 0.37 89.67 b± 0.16 94.30 a± 0.64 94.34 a± 0.22 15.77 b ± 0.15 16.88 a ± 0.1 16.66 a± 0.06
(3.88) (0.67) (0.20) (5.95) (2.07) (0.89) (6.62) (1.29) (0.83) (8.11) (3.32) (2.50)

12.5 297.94 b± 4.60 317.49 a ± 4.34 319.23 a ± 3.60 32.66 b± 0.20 35.79 a± 0.27 36.03 a± 0.07 84.23 b± 0.67 91.88 a± 0.31 92.67 a± 0.28 14.67 b ± 0.05 16.10 a± 0.03 16.18 a± 0.14
(7.32) (2.08) (1.45) (11.54) (4.59) (2.98) (12.28) (3.83) (2.58) (14.48) (7.76) (4.60)

25 271.77 b± 6.45 312.09 a ± 2.70 315.53 a ± 4.19 29.13 b± 0.25 34.90 a± 0.68 35.17 a± 0.06 78.13 b± 0.74 88.69 a± 0.57 90.53 a± 0.25 13.15 b ± 0.08 15.43 a± 0.05 15.59 a± 0.31
(15.46) (3.73) (2.60) (21.12) (6.98) (5.28) (18.64) (7.16) (4.83) (23.35) (11.57) (8.77)

50 239.77 b± 4.37 299.27 a ± 3.97 299.84 a ± 4.39 26.75 b± 0.36 32.37 a± 0.64 32.80 a± 0.18 70.44 c ±
0.32 84.44 b± 0.18 85.82 a± 0.32 11.94 c ± 0.13 14.18 b± 0.41 14.63 a± 0.40

(25.42) (7.69) (7.45) (27.54) (13.70) (11.67) (26.64) (11.62) (9.78) (30.45) (18.76) (14.37)

100 199.36 b± 3.49 273.47 a ± 2.62 279.34 a ± 4.42 24.25 b± 0.31 30.22 a± 0.09 30.55 a± 0.17 62.41 b± 0.25 76.52 a± 0.71 78.23 a± 0.47 10.39 b ± 0.21 12.28 a± 0.91 12.74 a± 0.09
(37.97) (15.63) (13.78) (34.33) (19.44) (17.72) (35.01) (19.90) (17.76) (39.44) (29.65) (25.45)

Z. mays

0 2502.50 a± 0.12 2503.48 a± 0.68 2502.06 a± 0.40 39.43 a± 0.23 39.00 a± 0.17 38.84 a± 0.08 181.12 a± 0.39 181.53 a± 0.30 181.33 a± 0.09 22.11 a ± 0.14 21.91 a± 0.15 22.00 a± 0.20
(0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0)

6.25 2401.58 b± 0.50 2488.35 a± 2.78 2485.81 a± 2.87 36.51 b± 0.20 38.06 a± 0.73 37.97 a± 0.02 169.67 b± 0.51 178.77 a± 0.21 179.02 a± 0.44 20.79 b ± 0.03 21.5 a ± 0.13 21.84 a± 0.16
(4.03) (0.60) (0.65) (7.40) (2.41) (2.24) (6.32) (1.52) (1.28) (5.95) (1.88) (0.73)

12.5 2309.58 b± 4.79 2464.60 a± 2.53 2471.31 a± 4.37 34.39 b± 0.03 37.06 a± 0.07 36.92 a± 0.23 163.95 b± 0.61 176.02 a± 0.39 177.72 a± 0.52 19.44 c ± 0.06 21.00 b± 0.07 21.30 a± 0.03
(7.71) (1.55) (1.23) (12.78) (4.98) (4.92) (9.48) (3.03) (2.00) (12.06) (4.15) (3.19)

25 2083.63 b± 0.20 2405.10 a± 6.45 2408.29 a± 4.39 31.97 c ±
0.04 35.83 a± 0.04 35.24 b± 0.02 152.29 c ±

0.14 172.00 b± 0.41 173.67 a± 0.48 17.58 c ± 0.01 20.53 b± 0.06 21.09 a± 0.02
(16.74) (3.93) (3.75) (8.93) (8.13) (9.25) (15.92) (5.25) (4.23) (20.49) (6.27) (4.11)

50
1813.28 c ±

0.81 2291.75 b± 0.15 2324.72 a± 5.14 28.31 c ±
0.64 34.44 a± 0.25 32.38 b± 0.03 135.89 c ±

0.04 161.34 b± 0.29 165.34 a± 0.42 15.46 c ± 0.07 19.30 b± 0.11 20.a ± 0.07
(27.54) (8.46) (7.09) (28.11) (11.71) (16.62) (24.97) (11.12) (8.82) (30.08) (11.88) (6.76)

100
1602.44 c ±

2.37 2108.13 b± 0.66 2128.98 a± 0.64 24.69 c ±
0.21 30.25 b ± 0.9 30.86 a± 0.30 123.37 b± 0.19 147.41 a± 0.37 149.17 a± 0.72 14.06 c ± 0.20 17.50 b± 0.12 19.53 a± 0.10

(35.97) (15.79) (14.91) (37.39) (22.43) (20.53) (31.88) (18.80) (17.74) (36.40) (20.13) (11.21)

A. escu-
lentus

0 1130.05 a± 0.05 1129.76 a± 0.28 1131.29 a± 0.93 52.97 a± 0.23 53.17 a± 0.06 53.45 a± 0.24 103.31 a± 0.44 103.68 a± 0.03 104.11 a± 0.34 13.46 a ± 0.22 13.67 a± 0.19 13.38 a± 0.04
(0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0)

6.25 1059.36 b± 0.29 1113.51 a± 2.20 1117.54 b± 2.70 46.65 b± 0.02 52.45 a± 0.16 52.11 b± 0.43 95.53 b± 0.61 102.16 a± 0.13 102.85 a± 0.17 12.11 b ± 0.03 13.22 a± 0.08 13.05 a± 0.08
(6.26) (1.44) (1.22) (11.94) (1.35) (2.49) (7.53) (1.47) (1.21) (9.92) (3.26) (2.48)

12.5 982.41 b± 2.15 1103.51 a± 2.54 1099.79 a± 4.09 44.12 b± 0.04 51.29 a± 0.04 50.80 a± 0.23 89.43 b± 0.28 101.51 a± 0.19 101.81 a± 0.15 10.82 b ± 0.31 12.91 a± 0.09 12.55 a± 0.39
(13.06) (2.32) (2.78) (16.71) (3.53) (4.95) (13.43) (2.10) (2.21) (19.53) (6.82) (6.22)

25 878.41 c ± 0.01 1067.40 b± 1.31 1077.30 a± 0.10 41.00 c ±
0.43 47.65 b± 0.18 48.10 a± 0.64 76.26 b± 0.49 99.61 a± 0.06 99.17 a± 0.22 8.87 c ± 0.05 12.57 a± 0.05 12.30 b± 0.03

(22.27) (5.52) (4.77) (22.60) (10.37) (10.00) (26.17) (3.93) (4.75) (34.04) (8.80) (8.11)

50 611.10 c ± 0.13 1007.45 b± 4.67 1044.80 a± 4.83 33.20 c ±
0.91 44.89 b± 0.43 45.80 a± 0.45 64.18 b± 0.37 95.59 a± 0.31 96.60 a± 0.41 6.84 b ± 0.04 12.12 a± 0.46 12.13 a± 0.10

(45.92) (10.83) (7.65) (37.32) (15.58) (14.31) (37.87) (7.81) (7.21) (49.16) (11.30) (9.36)

100 441.26 c ± 0.23 917.77 b± 0.16 956.01 a ± 0.33 25.61 b± 0.56 42.97 a± 0.87 43.32 a± 0.85 43.04 b± 0.32 87.41 a± 0.30 88.33 a± 0.70 4.74 b ± 0.44 11.20 a ± 0.1 11.39 a± 0.09
(60.95) (18.76) (15.49) (51.67) (19.18) (18.93) (58.33) (15.70) (15.15) (64.72) (17.99) (14.85)
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Table 7. Cont.

Tested
Crops

Dose
(g L−1)

Leaf Area (cm2) Total Chlorophyll (SPAD) Total Fresh Weight (g pot−1) Total Dry Weight (g pot−1)

PH CR BA PH CR BA PH CR BA PH CR BA

A.
gangeti-

cus

0 1354.77 a± 0.47 1354.08 a± 0.08 1353.84 a± 0.27 48.39 a± 0.10 47.94 a± 0.26 48.20 a± 0.01 98.90 a± 0.37 98.21 a± 0.06 98.22 a± 0.24 13.45 a ± 0.05 13.04 b± 0.08 13.17 b ± 0.8
(0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0) (0)

6.25 1209.63 b± 0.79 1333.94 a± 4.35 1331.78 a± 0.64 41.86 b± 0.05 47.51 a± 0.24 47.24 a± 0.18 87.27 b± 0.32 96.30 a± 0.19 96.31 a± 0.12 11.67 b ± 0.06 12.77 a± 0.07 12.75 a± 0.05
(10.71) (1.49) (1.63) (13.48) (0.88) (1.99) (11.75) (1.94) (1.94) (13.25) (2.07) (3.18)

12.5
1111.88 c ±

2.14 1302.04 b± 0.83 1313.19 a± 4.14 39.18 b± 0.04 46.76 a± 0.19 46.75 a± 0.14 75.47 b± 0.04 94.46 a± 0.36 95.08 a± 0.52 10.26 b ± 0.6 12.64 a± 0.18 12.61 a± 0.22
(17.93) (3.84) (3.00) (19.02) (2.44) (3.00) (23.68) (3.82) (3.20) (23.70) (3.05) (4.22)

25 958.32 c ± 0.11 1254.79 b± 4.80 1292.78 a± 3.89 32.24 b± 0.02 45.51 a± 0.24 45.60 a± 0.03 64.29 b± 0.38 92.01 a± 0.24 92.89 a± 0.28 8.45 b ± 0.18 12.38 a± 0.54 12.47 a± 0.14
(29.26) (7.33) (4.51) (33.37) (5.06) (5.38) (34.99) (6.32) (5.43) (37.19) (5.08) (5.25)

50 807.70 c ± 3.20 1144.79 b± 2.51 1242.28 a± 4.09 28.49 b± 0.49 43.01 a± 0.40 43.35 a± 0.25 50.19 c ±
0.07 89.05 b± 0.26 90.32 a± 0.44 6.94 b ± 0.1 12.08 a± 0.11 11.87 a± 0.11

(40.38) (15.45) (8.24) (41.12) (10.28) (10.05) (49.25) (9.33) (8.04) (48.38) (7.30) (9.83)

100 550.20 c ± 1.77 1054.91 b± 1.65 1135.31 a± 2.65 24.93 b± 0.24 39.18 a± 0.03 39.04 a± 0.07 38.52 c ±
0.82 82.07 b± 0.22 84.83 a± 0.54 5.63 b ± 0.07 11.26 a± 0.10 11.10 a± 0.09

(59.39) (22.09) (16.14) (48.47) (18.26) (19.01) (61.04) (16.43) (13.64) (58.14) (13.67) (15.66)

Data are expressed as mean ± standard error. Means with the same letters in the row for each extract are not significantly different at p > 0.05. Values inside the parenthesis are inhibition percentages relative to
the control. Note: PH = P. hysterophorus, CR = C. rutidosperma, BA = B. alata.
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The foliar spray of P. hysterophorus, C. rutidosperma, and B. alata also had a significant
effect on the total fresh and dry weight of all tested species and the effect was concentration-
dependent (Table 7). Moreover, the effect of extracts on different tested species at the same
concentration was varied. Total dry weight was decreased from 9.9 to 64.7% in A. esculentus
followed by 13.3 to 58.1%, 8.1 to 39.4%, and 6.0 to 36.4% in A. gangeticus, O. sativa, and
Z. mays, respectively with a foliar spray of P. hysterophorus extract at lowest (6.25 g L−1)
to highest concentrations (100 g L−1). For A. gangeticus, 61.1% growth reduction was
achieved by P. hysterophorus extract while 16.4% and 13.6% reduction were achieved by C.
rutidosperma and B. alata extract, respectively. On the other hand, A. gangeticus obtained
a relatively higher reduction (61.0%) of total fresh weight for P. hysterophorus extract
compared to other tested species and applied extracts.

4. Discussion

The methanol extract of three Malaysian invasive weeds had the ability to affect
survival rate (%) and seedling growth of four selected weed species (A. conyzoides, E. hirta,
Weedy rice, and E. colona) and four crops (Z. mays, O. sativa, A. esculentus, and A. gangeticus),
under laboratory conditions. All these extracts influenced the survival rate, hypocotyl and
radicle growth of tested species in a dose-dependent manner. Extracts of P. hysterophorus
and C. rutidosperma were the most promising because of their remarkable strength, potency,
and regularity in inhibiting germination and seedling growth of all tested species. The inhi-
bition of plant extracts on the germination process is thought to be associated with osmotic
effects on the rate of imbibition, which ultimately inhibits the initiation of germination
and, especially, cell elongation [25]. The P. hysterophorus extract at 50 g L−1 fully inhibited
the seed germination and seedling growth of A. conyzoides, E. hirta, and A. gangeticus. The
inhibitory effect of P. hysterophorus extract and residues on the growth and development
of some field crops were also reported by Batish et al. [27], Singh et al. [28], Mersie and
Singh [29].

Moreover, at 50 g L−1 concentration, C. rutidosperma also caused significant inhibi-
tion of all tested seeds. Ladhari et al. [30] reported the allelopathic properties of Cleome
arabica L. and identified 11-α-acetylbrachy-carpone-22(23)-ene as the main allelopathic
compound. Whereas, Ahmed et al. [31] stated that the asdamarane type triterpene, for in-
stance, 11-α-acetylbrachy-carpone-22(23)-ene, 17-α-hydroxycabraleactone, and amblyone
were responsible for the toxicity of Cleome amblyocarpa.

The inhibitory effect of the test extracts varied among the eight species examined,
and A. conyzoides was more sensitive to tested extracts than the other tested plants. The
present study is in agreement with Ishak and Sahid [32] who found that the extract of
Leucaena leucocephala at 66.7 g L−1 reduced germination, hypocotyl, and radicle elongation
of A. conyzoides by 48%, 47%, and 65%, respectively. Furthermore, the radicle length of
the tested species was more sensitive to extracts compared to the germination percentage
and the hypocotyl length. The greater sensitivity of radicle growth to the allelopathic
plant extracts is because—radicles are the first organ that are exposed to the phytotoxic
substances and a more highly permeable tissue than other organs [19,33,34], and/or a low
mitotic division in the root apical meristem [35]. Moreover, the allelopathic substances can
affect genes responsible for the cellular characterization of radicle tissues and endoderm,
reducing its development [36].

The glasshouse experiment provided further evidence for the higher allelopathic po-
tential of P. hysterophorus extract compared to C. rutidosperma and B. alata as observed in the
laboratory. The results showed that P. hysterophorus extract at 50 g L−1 and 100 g L−1 signif-
icantly reduced the growth of 21-days-old A. conyzoides and E. hirta. The highest reduction
of 100% was observed from the maximum concentration (100 g L−1) of P. hysterophorus
extract at the mature stage of A. conyzoides. This type of dose-dependent inhibitory activity
was reported by many researchers around the globe [19,34,37,38]. A greater decrease in
plant height was recorded in A. conyzoides compared to other species. At 21 days after spray,
only untreated A. conyzoides began flowering which indicates that the other treated plants
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might be suppressed by allelochemicals stress. Aslam et al. [39] reported the phytotoxic
effect of Calatropis procera, Peganum harmala, and Tamarix aphylla on the shoot and root
length of mustard and wheat, and wheat was sensitive to all three extracts at all the concen-
trations. Mulberry aqueous leaf extract suppressed shoot and root length, shoot and root
dry matters of Bermuda grass by 90% and 80% at 100% concentrations, respectively [40].
Hassan et al. [41] also observed a decrease in shoot and root length of Zea mays and Vigna
unguiculata treated with increased concentrations of Jatropha curcas extract.

Foliar spray of P. hysterophorus extract reduced dry weights and leaf area as the level of
concentration increased across species although the species responded independently. The
reduction in total dry weight was observed to be associated with a decrease in plant height
and leaf area. Total dry weight and leaf area were mostly decreased in A. conyzoides and
E. hirta, respectively. Leaf area reduction was higher in A. conyzoides and lower in Z. mays
at 21 days after spraying with P. hysterophorus extract. This type of species-dependent
inhibitory activity was also reported by several studies. For example, phytotoxins have
an adverse impact on the growth of certain plants while having little or no inhibition in
other plants at certain concentrations [42–44]. Several studies reveal a decline in leaf area
of certain plant species using different extracts [45,46].

Chlorophyll is a determinant factor in photosynthesis and it was found to be lower in
A. conyzoides among all tested species. The leaves of the tested plants appeared partially
folded and this may lead to a decrease in photosynthetic activity [47]. Reduction of
chlorophyll content in plants due to application of allelopathic plant extracts was also
reported by Kamal [48], Siyar et al. [49], and Abdel-Farid [50].

It was also observed in the present study that the application of plant extracts in
a foliar spray in laboratory conditions caused more inhibition compared to glasshouse
conditions. Similar findings were also reported by Al-Humaid and El-Mergawi [21]. The
inhibition by foliar spray may occur through various mechanisms such as suppressed
hormone activity, a decreased rate of ion absorption, enzyme activity inhibition, reduce cell
membrane permeability and also inhibit certain physiological processes such as photosyn-
thesis, respiration, and protein formation. Thus, the seedling stage and the more mature
stage of target plants vary in their sensitivities to plant extracts.

5. Conclusions

The study demonstrated that all the methanol extracts from three Malaysian invasive
weeds (P. hysterophorus, C. rutidosperma, and B. alata) have allelopathic potential on the
seed germination, growth, and development of tested plants. P. hysterophorus appeared as
the most phytotoxic plant extract among the three. Moreover, the phytotoxic effect of the
extracts was dependent on the target species, extract concentrations, and the extracted plant
species. The growth and development of the tested plant species in the glasshouse were
less affected compared to seed germination and growth under laboratory conditions. The
only phytotoxic impact was provided by P. hysterophorus on the tested plant species in the
glasshouse trial. Among the test species, A. conyzoides was more sensitive to P. hysterophorus
extract. Taking into account the promising result of P. hysterophorus extract, this weed could
be used for further study to develop a natural product-based herbicide for sustainable green
agriculture. Identification and characterization of the most active phytotoxic compounds
of the P. hysterophorus extract will be the first step of future studies.

Author Contributions: Conceptualization, A.S.J. and A.K.M.M.I.; methodology, A.K.M.M.I.; vali-
dation, A.S.J., M.K.U., N.B.A. and M.M.; formal analysis, M.M. and M.H.; investigation, M.M. and
M.H.; resources, M.M. and A.S.J.; data curation, M.M.; writing—original draft preparation, M.M.;
writing—review and editing, A.S.J. and A.K.M.M.I.; visualization, M.M. and M.H.; supervision, A.S.J.
and N.B.A.; project administration, A.S.J. and M.M.; funding acquisition, A.S.J. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received funding from the Fundamental Research Grant Scheme (FRGS),
Malaysia (FRGS/1/2017/WAB01/UPM/01/2) and Putra Grant UPM (GP-IPB/2017/9523400).



Agronomy 2021, 11, 643 23 of 24

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: Not applicable.

Acknowledgments: The authors are grateful to Fundamental Research Grant Scheme (FRGS),
Malaysia (FRGS/1/2017/WAB01/UPM/01/2) and Putra Grant UPM (GP-IPB/2017/9523400) also
sincerely acknowledges the University Putra Malaysia for providing facilities. We also express
gratitude to Sabina Yeasmin, for editing the English of this manuscript.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Patel, S. Harmful and beneficial aspects of Parthenium hysterophorus: An update. 3 Biotech 2011, 1, 1–9. [CrossRef] [PubMed]
2. Ghosh, P.; Chatterjee, S.; Das, P.; Karmakar, S.; Mahapatra, S. Natural habitat, phytochemistry and pharmacological properties of

a medicinal weed–Cleome rutidosperma DC. (Cleomaceae): A comprehensive review. Int. J. Pharm. Sci. Res. 2019, 10, 1605–1612.
[CrossRef]

3. Conserva, L.M.; Ferreira, J.C. Borreria and Spermacoce species (Rubiaceae): A review of their ethnomedicinal properties, chemical
constituents, and biological activities. Pharmacogn. Rev. 2012, 6, 46–55. [CrossRef] [PubMed]

4. Maszura, C.M.; Karim, S.M.R.; Norhafizah, M.Z.; Kayat, F.; Arifullah, M. Distribution, Density, and Abundance of Parthenium
Weed (Parthenium hysterophorus L.) at Kuala Muda, Malaysia. Int. J. Agron. 2018, 2018, 1046214. [CrossRef]

5. Safdar, M.E.; Tanveer, A.; Khaliq, A.; Riaz, M.A. Yield losses in maize (Zea mays) infested with parthenium weed (Parthenium
hysterophorus L.). Crop Prot. 2015, 70, 77–82. [CrossRef]

6. Hassan, G.; Khan, M.A.; Marwat, K.B.; Anwar, M.; Hashim, S. Efficacy of some forest species extracts on wheat and two major
weeds of Arid Zone of NWFP. Jpn. J. Plant Sci. 2008, 2, 39–42.

7. Safdar, M.; Tanveer, A.; Khaliq, A.; Naeem, M. Allelopathic action of parthenium and its rhizospheric soil on maize as influenced
by growing conditions. Planta Daninha 2014, 32, 243–253. [CrossRef]

8. Mamaril, E.C.; Alberto, R.T. Root-knot nematodes infecting some common weeds in vegetable growing areas of Sicsican. Int.
Nematol. Netw. Newsl. 1989, 6, 37–39.

9. Cherigo, L.; Lezcano, J.; Spadafora, C.; MartínezLuis, S. Evaluation of phytotoxic, cytotoxic and antiparasitic in vitro activities of
Borreria verticillata, a weed of Panamanian coffee crops. Biosci. Res. 2012, 9, 82–86.

10. Burgos, N.R.; Ortuoste, J.D. Weed Management in Natural Rubber. In Weed Control: Sustainability, Hazards, and Risks in Cropping
Systems Worldwide; CRC Press: Cleveland, OH, USA, 2018; pp. 485–504. [CrossRef]

11. Arafat, Y.; Shahida, K.; Lin, W.; Fang, C.; Sadia, S.; Ali, N.; Azeem, S. Allelopathic evaluation of selected plants extract against
broad and narrow leaves weeds and their associated crops. Acad. J. Agric. Res. 2015, 3, 226–234.

12. Cheng, F.; Cheng, Z. Research Progress on the use of plant allelopathy in agriculture and the physiological and ecological
mechanisms of allelopathy. Front. Plant Sci. 2015, 6, 1020. [CrossRef]

13. Cheema, Z.A.; Farooq, M.; Khaliq, A. Application of allelopathy in crop production: Success story from Pakistan (Chapter 6). In
Allelopathy: Current Trends and Future Applications; Cheema, Z.A., Farooq, M., Wahid, A., Eds.; Springer: Berlin, Germany, 2013; pp.
113–144. [CrossRef]

14. Islam, A.K.M.M.; Yeasmin, S.; Qasem, J.R.S.; Juraimi, A.S.; Anwar, P. Allelopathy of Medicinal Plants: Current Status and Future
Prospects in Weed Management. Agric. Sci. 2018, 9, 1569–1588. [CrossRef]

15. Islam, A.K.M.M.; Widhalm, J.R. Agricultural Uses of Juglone: Opportunities and Challenges. Agronomy 2020, 10, 1500. [CrossRef]
16. Noguchi, H. Current research status of allelopathy of plants grown in Bangladesh. Fundam. Appl. Agric. 2019, 5, 1–9. [CrossRef]
17. Soltys, D.; Krasuska, U.; Bogatek, R.; Gniazdowska, A. Allelochemicals as Bioherbicides—Present and perspectives. In Herbicides—

Current Research and Case Studies in Use; Price, A.J., Kelton, J.A., Eds.; IntechOpen: London, UK, 2013. [CrossRef]
18. Ozkan, T.G.I.; Urusak, E.A.; Appiah, K.S.; Fujii, Y.; Ozkan, I. First Broad Screening of Allelopathic Potential of Wild and Cultivated

Plants in Turkey. Plants 2019, 8, 532. [CrossRef]
19. Islam, A.K.M.M.; Hasan, M.M.; Yeasmin, S.; Abedin, M.A.; Kader, M.A.; Rashid, M.H.; Anwar, M.P. Bioassay screening of tropical

tree sawdust for allelopathic properties and their field performance against paddy weeds. Fundam. Appl. Agric. 2019, 4, 906–915.
[CrossRef]

20. Rawat, L.S.; Maikhuri, Y.M.; Yateesh, N.K.; Jha, N.K.; Phondani, P.C. Sunflower allelopathy for weed control in agriculture
systems. J. Crop Sci. Biotechnol. 2017, 20, 45–60. [CrossRef]

21. Al-Humaid, A.; El-Mergawi, R.A. Herbicidal activities of seven native plants on the germination and growth of Phalaris minor,
Echinochloa crusgalli, Portulaca oleracea and Lactuca sativa. J. Agric. Sci. Technol. 2014, 4, 843–852.

22. Boari, A.; Vurro, M.; Calabrese, G.J.; Mahmoud, M.N.Z.; Cazzato, E.; Fracchiolla, M. Evaluation of Dittrichia viscosa (L.) Greuter
Dried Biomass for Weed Management. Plants 2021, 10, 147. [CrossRef]

23. Aslani, F.; Juraimi, A.S.; Ahmad-Hamdani, M.S.; Omar, D.; Alam, A.; Hashemi, F.S.G.; Hakim, A.; Uddin, K. Allelopathic effect of
methanol extracts fromTinospora tuberculataon selected crops and rice weeds. Acta Agric. Scand. Sect. B Plant Soil Sci. 2014, 64,
165–177. [CrossRef]

http://doi.org/10.1007/s13205-011-0007-7
http://www.ncbi.nlm.nih.gov/pubmed/22558530
http://doi.org/10.13040/IJPSR.0975-8232.10(4).1605-12
http://doi.org/10.4103/0973-7847.95866
http://www.ncbi.nlm.nih.gov/pubmed/22654404
http://doi.org/10.1155/2018/1046214
http://doi.org/10.1016/j.cropro.2015.01.010
http://doi.org/10.1590/S0100-83582014000200001
http://doi.org/10.1201/9781315155913-26
http://doi.org/10.3389/fpls.2015.01020
http://doi.org/10.1007/978-3-642-30595-5_10
http://doi.org/10.4236/as.2018.912110
http://doi.org/10.3390/agronomy10101500
http://doi.org/10.5455/faa.73168
http://doi.org/10.5772/56185
http://doi.org/10.3390/plants8120532
http://doi.org/10.5455/faa.54326
http://doi.org/10.1007/s12892-016-0093-0
http://doi.org/10.3390/plants10010147
http://doi.org/10.1080/09064710.2014.898784


Agronomy 2021, 11, 643 24 of 24

24. Mirmostafaee, S.; Azizi, M.; Fujii, Y. Study of Allelopathic Interaction of Essential Oils from Medicinal and Aromatic Plants on
Seed Germination and Seedling Growth of Lettuce. Agronomy 2020, 10, 163. [CrossRef]

25. El-Mergawi, R.A.; Al-Humaid, A.I. Searching for natural herbicides in methanol extracts of eight plant species. Bull. Natl. Res.
Cent. 2019, 43, 22. [CrossRef]

26. Mahdavikia, F.; Saharkhiz, M.J.; Karami, A. Defensive response of radish seedlings to the oxidative stress arising from phenolic
compounds in the extract of peppermint (Mentha × piperita L.). Sci. Hortic. 2017, 214, 133–140. [CrossRef]

27. Batish, D.R.; Singh, H.P.; Pandher, J.K.; Arora, V.; Kohli, R.K. Phytotoxic effect of Parthenium residues on the selected soil
properties and growth of chickpea and radish. Weed Biol. Manag. 2002, 2, 73–78. [CrossRef]

28. Singh, H.P.; Batish, D.R.; Pandher, J.K.; Kohli, R.K. Phytotoxic effects of Parthenium hysterophorus residues on three Brassica
species. Weed Biol. Manag. 2005, 5, 105–109. [CrossRef]

29. Mersie, W.; Singh, M. Allelopathic effect of parthenium (Parthenium hysterophorus L.) extract and residue on some agronomic
crops and weeds. J. Chem. Ecol. 1987, 13, 1739–1747. [CrossRef] [PubMed]

30. Ladhari, A.; Omezzine, F.; DellaGreca, M.; Zarrelli, A.; Zuppolini, S.; Haouala, R. Phytotoxic activity of Cleome arabica L. and its
principal discovered active compounds. S. Afr. J. Bot. 2013, 88, 341–351. [CrossRef]

31. Ahmed, A.A.; Mohamed, T.K.; Williams, H.J.; Scott, A.I.; Reibenspies, J.H. Structure Revision of Cleoamblynol A from Cleome
amblyocarpa. Nat. Prod. Lett. 1997, 10, 239–244. [CrossRef]

32. Ishak, M.S.; Sahid, I. Allelopathic effects of the aqueous extract of the leaf and seed of Leucaena leucocephala on three selected weed
species. In AIP Conference Proceedings; American Institute of Physics: College Park, MD, USA, 2014; pp. 659–664. [CrossRef]

33. Nishida, N.; Tamotsu, S.; Nagata, N.; Saito, C.; Sakai, A. Allelopathic Effects of Volatile Monoterpenoids Produced by Salvia
leucophylla: Inhibition of Cell Proliferation and DNA Synthesis in the Root Apical Meristem of Brassica campestris Seedlings. J.
Chem. Ecol. 2005, 31, 1187–1203. [CrossRef] [PubMed]

34. Islam, A.M.; Hasan, M.; Musha, M.H.; Uddin, K.; Juraimi, A.S.; Anwar, P. Exploring 55 tropical medicinal plant species available
in Bangladesh for their possible allelopathic potentiality. Ann. Agric. Sci. 2018, 63, 99–107. [CrossRef]

35. Levizou, E.; Karageorgou, P.; Psaras, G.K.; Manetas, Y. Inhibitory effects of water soluble leaf leachates from Dittrichia viscosa on
lettuce root growth, statocyte development and graviperception. Flora—Morphol. Distrib. Funct. Ecol. Plants 2002, 197, 152–157.
[CrossRef]

36. Franco, D.M.; Silva, E.M.; Saldanha, L.L.; Adachi, S.A.; Schley, T.R.; Rodrigues, T.M.; Dokkedal, A.L.; Nogueira, F.T.S.;
De Almeida, L.F.R. Flavonoids modify root growth and modulate expression of SHORT-ROOT and HD-ZIP III. J. Plant Physiol.
2015, 188, 89–95. [CrossRef] [PubMed]

37. Mousavi, S.S.; Karami, A.; Haghighi, T.M.; Alizadeh, S.; Maggi, F. Phytotoxic Potential and Phenolic Profile of Extracts from
Scrophularia striata. Plants 2021, 10, 135. [CrossRef] [PubMed]

38. Abd-Elgawad, A.M.; El Gendy, A.E.-N.G.; Assaeed, A.M.; Al-Rowaily, S.L.; Alharthi, A.S.; Mohamed, T.A.; Nassar, M.I.;
Dewir, Y.H.; ElShamy, A.I. Phytotoxic Effects of Plant Essential Oils: A Systematic Review and Structure-Activity Relationship
Based on Chemometric Analyses. Plants 2020, 10, 36. [CrossRef]

39. Alam, A.; Juraimi, A.S.; Rafii, M.Y.; Hamid, A.A.; Aslani, F.; Hakim, M.A. Salinity-induced changes in the morphology and major
mineral nutrient composition of purslane (Portulaca oleracea L.) accessions. Biol. Res. 2016, 49, 24. [CrossRef] [PubMed]

40. Haq, R.A.; Hussain, M.; Cheema, Z.A.; Mushtaq, M.N.; Farooq, M. Mulberry leaf water extract inhibits bermudagrass and
promotes wheat growth. Weed Biol. Manag. 2010, 10, 234–240. [CrossRef]

41. Hassan, A.; Mukhtar, F.; Mohammed, I. Allelopathic effect of Jatropha curcas (Lin) leachate on germination and early seedling
growth of five (5) agricultural crops in Kano, Nigeria. Bayero J. Pure Appl. Sci. 2014, 6, 53. [CrossRef]

42. Ladhari, A.; Omezzine, F.; Rinez, A.; Haouala, R. Phytotoxicity of Daphne gnidium L. occurring in Tunisia. World Acad. Sci. Eng.
Technol. 2011, 59, 1534–1537. [CrossRef]

43. Schandry, N.; Becker, C. Allelopathic Plants: Models for Studying Plant–Interkingdom Interactions. Trends Plant Sci. 2020, 25,
176–185. [CrossRef] [PubMed]

44. Imatomi, M.; Novaes, P.; Gualtieri, S.C.J. Interspecific variation in the allelopathic potential of the family Myrtaceae. Acta Bot.
Bras. 2013, 27, 54–61. [CrossRef]

45. Jabran, K.; Mahajan, G.; Sardana, V.; Chauhan, B.S. Allelopathy for weed control in agricultural systems. Crop Prot. 2015, 72,
57–65. [CrossRef]

46. Algandaby, M.M.; El-Darier, S.M. Management of the noxious weed; Medicago polymorpha L. via allelopathy of some medicinal
plants from Taif region, Saudi Arabia. Saudi J. Biol. Sci. 2018, 25, 1339–1347. [CrossRef] [PubMed]

47. Amador-Vargas, S.; Dominguez, M.; León, G.; Maldonado, B.; Murillo, J.; Vides, G.L. Leaf folding response of a sensitive plant
shows context-dependent behavioral plasticity. Plant Ecol. 2014, 215, 1445–1454. [CrossRef]

48. Kamal, J. Impact of allelopathy of sunflower (Helianthus annuus L.) roots extract on physiology of wheat (Triticum aestivum L.). Afr.
J. Biotechnol. 2011, 10, 14465–14477. [CrossRef]

49. Siyar, S.; Majeed, A.; Muhammad, Z.; Ali, H.; Inayat, N. Allelopathic effect of aqueous extracts of three weed species on the
growth and leaf chlorophyll content of bread wheat. Acta Ecol. Sin. 2019, 39, 63–68. [CrossRef]

50. Abdel-Farid, I.B.; Massoud, M.S.; Al-Enazy, Y.; Latef, A.A.H.A.; Jahangir, M.; Gomaa, N.H. Allelopathic Potential of Haloxylon-
persicum against Wheat and Black Mustard with Special Reference to Its Phytochemcial Composition and Antioxidant Activity.
Agronomy 2021, 11, 244. [CrossRef]

http://doi.org/10.3390/agronomy10020163
http://doi.org/10.1186/s42269-019-0063-4
http://doi.org/10.1016/j.scienta.2016.11.029
http://doi.org/10.1046/j.1445-6664.2002.00050.x
http://doi.org/10.1111/j.1445-6664.2005.00172.x
http://doi.org/10.1007/BF00980214
http://www.ncbi.nlm.nih.gov/pubmed/24302341
http://doi.org/10.1016/j.sajb.2013.08.016
http://doi.org/10.1080/10575639708043735
http://doi.org/10.1063/1.4895280
http://doi.org/10.1007/s10886-005-4256-y
http://www.ncbi.nlm.nih.gov/pubmed/16124241
http://doi.org/10.1016/j.aoas.2018.05.005
http://doi.org/10.1078/0367-2530-00025
http://doi.org/10.1016/j.jplph.2015.09.009
http://www.ncbi.nlm.nih.gov/pubmed/26473454
http://doi.org/10.3390/plants10010135
http://www.ncbi.nlm.nih.gov/pubmed/33440883
http://doi.org/10.3390/plants10010036
http://doi.org/10.1186/s40659-016-0084-5
http://www.ncbi.nlm.nih.gov/pubmed/27090643
http://doi.org/10.1111/j.1445-6664.2010.00389.x
http://doi.org/10.4314/bajopas.v6i2.12
http://doi.org/10.5281/zenodo.1071524
http://doi.org/10.1016/j.tplants.2019.11.004
http://www.ncbi.nlm.nih.gov/pubmed/31837955
http://doi.org/10.1590/S0102-33062013000100008
http://doi.org/10.1016/j.cropro.2015.03.004
http://doi.org/10.1016/j.sjbs.2016.02.013
http://www.ncbi.nlm.nih.gov/pubmed/30505179
http://doi.org/10.1007/s11258-014-0401-4
http://doi.org/10.5897/ajb11.988
http://doi.org/10.1016/j.chnaes.2018.05.007
http://doi.org/10.3390/agronomy11020244

	Introduction 
	Materials and Methods 
	Test Plants 
	Extraction Procedure 
	Laboratory Bioassay 
	Experimental Site 
	Experimental Treatments and Design 
	Data Collection 

	Glasshouse Experiment 
	Experimental Site and Design 
	Data Collection 

	Statistical Analysis 

	Results 
	Laboratory Experiment 
	Effect of Methanol Extracts on Survival Rate and Initial Growth of Weeds 
	Effect of Methanol Extracts on the Survival Rate and Initial Growth of Crops 
	Comparison of Methanol Extracts on Examined Initial Growth Parameters and Plants 

	Glasshouse Experiment 
	Effect of Methanol Extract on Plant Height, Root Length, Leaf Area, and Total Chlorophyll Content of Weeds 
	Effect of Methanol Extract on Total Fresh and Dry Weight of Weeds 
	Phytotoxic Effect of Methanol Extracts on Plant Height and Root Length of Crops 
	Phytotoxic Effect of Methanol Extracts on Leaf Area, Total Chlorophyll, Fresh and Dry Weight of Crops 


	Discussion 
	Conclusions 
	References

