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Abstract: The present study aims to identify tomato (Solanum lycopersicum L.) cultivars with weed-
suppressive ability against target weed species in the tomato growing season. A greenhouse study
was conducted with 17 tomato cultivars and target weeds Palmer amaranth (Amaranthus palmeri S.
Wats), yellow nutsedge (Cyperus esculentus L.), and large crabgrass (Digitaria sanguinalis L.). Tomato
plants and weed species were grown in the same pot. The height, chlorophyll, and dry weight
biomass of the weeds were measured 28 days after sowing. The largest effect of tomato interference
was on Palmer amaranth. Cultivar 15 reduced Palmer amaranth height, chlorophyll, and biomass
by 58, 28, and 83%, respectively. Chlorophyll percentage of yellow nutsedge seedlings was
suppressed by 15% by cultivar 64, whereas 13% of its height was reduced by cultivar 20. Cultivar
15 reduced biomass of yellow nutsedge by 40%. The percentage of chlorophyll of large crabgrass
was reduced by 22% with cultivar 5, whereas the height and biomass were reduced by 35 and 44%
with cultivars 38 and 63, respectively. Factoring all parameters evaluated, cultivars 38, 33, and 7

were most suppressive against the problematic weed species in tomato.

Keywords: tomato cultivar; allelopathy; competitive ability; plant-plant interactions; weed suppres-
sion; sustainable weed management; weed management; vegetable

1. Introduction

Tomato is an economically important vegetable in the United States. In 2019, there
was 110,700 ha of tomato harvested, with a national average yield of 44,000 kg ha -1 [1].
Weed management is one of the costliest practices in tomato production, and it is
considered a significant portion of the total operating cost to farmers [2]. Notably, weed
thresholds acceptable to growers of high-value vegetables such as fresh and processed
tomato are near zero.

Palmer amaranth (Amaranthus palmeri S. Wats.), yellow nutsedge (Cyperus
esculentus L.), and large crabgrass (Digitaria sanguinalis L.) are among the primary weed
species interfering in tomato farming [3]. The season-long presence of 25 yellow nutsedge
plants m? can reduce tomato yield by 25% [4]. Furthermore, field infestations of large

crabgrass at a density of 55 plants m? in direct-seeded tomato can cause up to 74% yield
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reduction [5]. In transplanted tomato crops, a decrease of 76% was observed in
productivity under infestation of Amaranthus spp. [6]. Physical and chemical interactions
govern the interference of these weed species. Essentially, plant-plant interaction is
comprised of two factors: allelopathy and competition [7]. Competition is the physical
perception of surrounding environmental resources available. At the same time,
allelopathy is a chemical-mediated interference associated with the release of compounds
from a donor plant that can influence the growth and performance of a receiving plant [8].
Resource competition has driven plant community interactions, but recently allelopathy
has emerged as an approach to solve issues in agricultural fields.

Scientific interest in allelopathy as a tool is driven by the threat of increasing
herbicide-resistant weeds, the need for alternative weed control for high labor-input crops,
and the increasing demand for organically grown-derivate products [9,10]. Allelopathic
properties have been found in cereal crops, such as rye, sorghum, rice, and wheat, and
leguminous as sunflower and rapeseed [11]. Some well-studied phytochemicals include
simple phenolics, flavonoids, and alkaloids [12]. The allelopathic property of some plants
is potentially valuable for intercropping systems, soil additives via crop residue
incorporation, and suppression of weed emergence [13]. The discovery of commercial
crops that can suppress weeds by releasing allelopathic compounds has been considered
as a selection criterion for its use in several places in the world [10]. However, limited
knowledge is available, especially for vegetable crops. Therefore, this research aimed to
identify tomato cultivars with allopathic properties and competitive ability to suppress

problematic weeds in tomato production.

2. Results

The allelopathic potential of tomato accessions was calculated based on height, shoot
dry biomass, and chlorophyll reduction of three weed species. The greenhouse sudy was
conducted over four weeks.. Weed height, chlorophyll, and shoot biomass were
significantly affected by the interference of tomato cultivars (p<0.05). Chlorophyll
reduction percentage was relatively low for all weed species evaluated (Table 1). The
chlorophyll reduction of Palmer amaranth ranged from 12 to 24%, and cultivar 15 caused
the highest reduction (Table 1). Yellow nutsedge seedlings had less than 20% of
chlorophyll reduction. Cultivar 64 reduced yellow nutsedge chlorophyll the most, while
cultivars 31, 54, 18, and 40 caused only a 5% reduction. Cultivar 15 had the most
considerable effect on the chlorophyll of large crabgrass plants (22%). However, 35% of
tomato cultivars caused less than 15% of reduction.

Regarding seedling height, Palmer amaranth was the most affected by tomato
cultivars among the weed species (Figure 1). Height reduction of Palmer amaranth ranged
from 18 to 45%. Cultivars 41 and 15 stunted Palmer amaranth height the most (45 and 44%,
respectively) but was statistically similar to the other cultivars (Figure 2). The effect of
interference treatments on yellow nutsedge height was similar and followed the same
trends. Cultivar 20 provided the largest stunt of the seedlings, 77% more than cultivars 5,
44, 59, and 54. Overall, a range of 20 to 35% of height reduction was found in large
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crabgrass plants. Large crabgrass height was reduced 35% in cultivar 38 compared with

the weed in monoculture, which did not differ from the other cultivars.
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Figure 1. Average seedling height, biomass, and chlorophyll reduction (%) of Palmer amaranth,
yellow nutsedge, and large crabgrass at 28 days after sowing.

Table 1. Percentage of chlorophyll reduction of Palmer amaranth, yellow nutsedge, and large
crabgrass across 17 tomato cultivars at 28 days after sowing.

Chlorophyll Reduction (%)

Cultivar Palmer amaranth yellow nutsedge large crabgrass
5 15 14 22
7 18 8 19
10 18 6 20
15 23 8 11
17 15 8 21
18 15 5 9
20 17 10 13
31 14 5 11
33 12 11 18
38 15 9 19
40 16 5 22
41 16 7 20
44 17 12 20
54 14 4 15
59 13 11 15
63 13 12 16
64 14 15 17

LSD (0.05) 1.96 1.96 1.96
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Figure 3. Weed suppressive ability of tomato cultivars on biomass reduction (%) of Palmer ama-
ranth, large crabgrass, and yellow nutsedge at 28 days after sowing.
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Figure 4. Principal component analysis (PCA) based on three components, height, chlorophyll, and

biomass. The proportion of variances for principal components (PC) 1 and 2 are shown in

parentheses.

Palmer amaranth shoot biomass was considerably decreased with the interference of
tomato cultivars, and the percentage of reduction range from 26 to 83% (Figure 1). The
maximum reduction of dry biomass found in Palmer amaranth was due to the influence

of the tomato cultivars 33 and 15, whereas the minimum biomass reduction was observed
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with cultivar 10 (Figure 3). Yellow nutsedge biomass decreased 39% with the interference
of cultivar 15, which was 64% greater than when large crabgrass plants interfered with
tomato cultivar 44. Overall, 60% of tomato cultivars resulted in biomass reduction of large
crabgrass by more than 20%. Among the cultivars, the highest biomass reduction in large
crabgrass was due to cultivar 63 (44%). The least suppressive effect was observed with
cultivar 18 (5%).

The Principal Component Analysis (PCA) was performed to accurately identify the
most contributing traits in suppressing weed species. Principal component 1 contributed
55% of the total variability of large crabgrass, whereas 33.2% of the variation can be
attributed to component 2 (Figure 4). In Palmer amaranth, the principal component 1 (PC1)
accounted for 53.5% of the total variation in the dataset, and PC2 for 36.4%. PCA of yellow
nutsedge revealed that 59.4% of the variation in allelopathic potential was related to
component 1, and 30.5% was related to component 2. Among the parameters used, height
reduction and biomass reduction were found to be positively correlated with component
1, but chlorophyll reduction was not closely related to these parameters. From the PCA
analysis, tomato cultivars 38 and 63 clustered together in the PCl, indicating high
allopathic potential on large crabgrass plants. Cultivars 38, 59, and 33 exhibited high
suppression on Palmer amaranth. Yellow nutsedge was affected the most by cultivars 7,
10, and 17.

3. Discussion

Various chemical responses are released from plants upon stressful conditions of
interference of neighboring plant species [14, 15]. One method to verify the results from
plant exudates is by growing plants that present allelopathy properties close to target
weeds [16]. This trait can be herewith confirmed by its effects on the growth and biomass
of the receiver plants. Alternatively, the receiver plant suppression can occur partly due
to competition for space. Although it was not possible to eliminate the effects of
competition in our experimental design, the allelopathic inhibitory effect of some cultivars
was apparent.

The interference caused by the tomato cultivars on weed species varied widely. A
hierarchical response was observed among the measured variables, where biomass and
height reduction were the most affected by tomato cultivars across all weed species tested,
while chlorophyll reduction had the least response due to tomato interference.
Allelopathy interference can affect physiological and biochemical plant mechanisms such
as photosynthesis, the metabolism process, and the synthesis of key proteins and enzymes
[17,18]. Chlorophyll contents are essential in the basic physiological processes for plant
growth and development [19, 20]. Essential oil derivated from lemongrass (Cymbopogon
citratus) is known to present allelopathic potential. The increased concentration of this
essential oil decreased the chlorophyll a and b carotenoid content of barnyardgrass
(Echinochloa crus-galli). At a concentration of 10 and 5%, contents of chlorophyll a were
reduced by 48 and 29%, whereas chlorophyll b was decreased by 48% and 34%,
respectively [21]. However, when exposed to exudates of peppermints, the chlorophyll

content of tomato seedlings was not affected [22]. The present study showed no
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differences in the chlorophyll percentage present in the weed species due to interference
of tomato cultivars. Overall, chlorophyll reductions were not greater than 20% (Table 2).

Competition or competitive behaviors lead plants to defend themselves by allocating
resources to energy-costly defense mechanisms [23]. Therefore, rather than investing in
growth and biomass production, plants tend to present stunting due to stress conditions
[24, 25]. Our results show that the seedling height of Palmer amaranth and large crabgrass
was highly affected under the interference of tomato cultivars. However, the reduction of
yellow nutsedge growth was less than 10% under interference of tomato cultivars. Yellow
nutsedge shoots were above tomato canopy throughout the study, indicating that
competition for light between the crop and the weed could contribute to the lower height
reduction observed in this species. A greenhouse study conducted with full-season
interference of a single yellow nutsedge plant reduced tomato shoot dry biomass by 19%
compared with weed-free tomato [4]. Since the interference of tomato cultivars reduced
the growth of the weed species, their biomass accumulation was also affected. Except for
cultivar 10, the shoot biomass of Palmer amaranth was decreased by more than 50% under
the interference of tomato. Large crabgrass and yellow nutsedge exhibited no more than
30% of biomass reduction in the presence of the tomato cultivars.

The genetic background of the genotypes can influence the potential of tomato
cultivars in suppressing weeds. In this study, the allelopathic potential of tomatoes varied
within cultivars. The influence of tomato cultivars also varied among each parameter
measured. The variation among the parameters measured can be a result of the multiple
metabolites produced by the cultivars. The mechanism of action of these metabolites can
be compared to chemical herbicides. In other words, plant exudates can have different
effects depending on the compound present. Thus their target within the plant and the
response of the receiver is diverse and complex [26, 27]. Tomato cultivars 38 and 33 were
highly suppressive in this screening based on all the three parameters measured. However,
cultivar 7 performed well in this study against yellow nutsedge. Tomato cultivars were
most suppressive against Palmer amaranth at the early stages; on the other hand, little
effect was observed on yellow nutsedge seedlings. The data generated in this study are
encouraging, as they show that tomato cultivars are likely to have a significant impact on
weed suppression. Tomato growers can benefit from this research by selecting genotypes
with advantaged characteristics against weeds, especially where Palmer amaranth is a
problem. These cultivars can also be used as a source of genes in tomato breeding to
develop high-yielding and weed-suppressive commercial tomato cultivars. Our results
are a step forward in sustainable tomato production both for conventional and organic

farmers.

4. Materials and Methods

This study was conducted over three years (2017 to 2019) at the Mississippi State
University at the R. R. Foil Plant Science Research Center (88.7847°,33.4552°), Starkville,
MS. Weed suppressive potential of 17 tomato cultivars (Table 2) were tested on Palmer
amaranth (Palmer amaranth S. Wats), yellow nutsedge (Cyperus esculentus L.) and large
crabgrass (Digitaria sanguinalis L.). A weed-only pot was used as a control treatment.

Tomato and weed seeds were evenly spread in 10-liter pots filled with a mixture of field
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soil and commercial potting mix (2:1). Field soil was used as the growth medium to
minimize chemical inhibition by using the organic substrate. To avoid water contact with
plant shoot, the pots were placed in trays filled with water according to their necessity.
The species were co-located in the same potting container. Thus, both species could also
generate chemical interference due to the release of allelochemicals from root exudates.
Tomato seeds were sown on the edge of the pot, while the seeds of the weeds were sown

at the center of the pot. At the moment of emergence, weed seedlings were thinned to four

per pot.

Table 2. Code and names of 17 tomato cultivars tested for suppressive ability on Palmer ama-
ranth, yellow nutsedge, and large crabgrass.

Cultivar code Cultivar name
5 AVTO 9802
7 1595
10 114
15 1511
17 2079
18 2709

20 1512

31 1458

33 2661

38 168

40 3056

41 2401

44 1511

54 M82

59 FERRY MORSE
63 AVTO 1219
64 WV63

The pots were laid out in a completely randomized design, with four replications.
The experiment was repeated twice for each cultivar and weed species. The four central
weed plants were considered for the evaluations. Plant height, chlorophyll, and dry
weight biomass of the weeds were measured 28 days after sowing (DAS). The height of
the weeds was measured from the soil to the insertion of the last leaf. Chlorophyll was
evaluated using a CCM-300 spad meter (Opti-Sciences Inc., Hudson, USA). At 28 DAS,
plants were cut at the soil surface and stored in paper bags. Samples were dried in a
forced-air circulation oven at 60°C until constant weight. Comparison among weed
species was based on percent inhibition data. Height, chlorophyll, and biomass reduction

percentage of recipient plant and donor plant samples were calculated as:

reduction (%) = 100 - (receiver plant x 100)

D
(control plant)
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Whereas the control is the mean height, chlorophyll, or biomass of all the plants in
the four control pots combined, and the height, chlorophyll, or biomass receiver is based
on weed plant grown together with the tomato cultivars. The highest and lowest ranking
accession were determined by Principal Component Analysis (PCA) on each weed species
based on height, chlorophyll, and biomass. Data were analyzed using a general linear
model with mean values separated using Fisher’s Protected Least Significant Difference
at a 0.05 probability level using JMP 15.2.0 software (SAS Institute Inc., Cary, NC).
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