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Palmer amaranth (PA) is one of the major weeds in sweetpotato reducing its

quantity and quality. The widespread and repeated use of chemical herbicides

has led PA to develop resistance for such chemicals. In addition, chemical

herbicides are incompatible with the organic production system. It is

imperative to find sustainable weed management strategies to provide weed

control suitable for organic cultivation and detain the development of

herbicide-resistant weeds under conventional crop production. In the

present study, seventeen sweetpotato varieties were screened for their

allelopathic (weed-suppressing) effect on the growth of PA. The experiment

was conducted in a greenhouse using a stair-step system. Each plant in the

stair-step system had its height (cm), chlorophyll concentration (cci) and shoot

biomass (g) measured. The variation in the height, chlorophyll and shoot

biomass reduction of PA was significant after the third week of transplanting.

Three weeks after transplanting (WAT), only three varieties, i.e., Morado (75%),

Bayou belle (62%), and Vardaman (61%), reduced PA’s height by >60%

compared to the control. While 5 WAT, four varieties, i.e., 529 (93%), Morado

(93%), Heartogold (85%), and Centennial (81%), reduced PA height by >80%.

Hatteras, Centennial, and 529 reduced the chlorophyll content of PA by >50%.

In the presence of Beauregard, the commercial cultivar, there was no reduction

in shoot biomass of PA. Cluster analysis also demonstrated that the four

allelopathic sweetpotato varieties, i.e., Heart-O-Gold, Centennial, 529, and

Morado, were clustered together, indicating that these varieties have similar

potential to suppress the growth and development of PA. Combining

allelopathic sweetpotato cultivars (Heart-O-Gold, Centennial, 529, and

Morado) with other sustainable weed control measures, such as cover crops
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and hand-weeding, can improve the weed management, espicially in organic

farming. However, field experiments should be conducted to confirm the

allelopathic as well as yield potential of these varieties in an agronomic setting. The

availability of the allelopathic sweetpotato cultivars will benefit organic producers by

enhancing crop productivity and decrease reliance on chemical herbicides in

conventional farming systems.
KEYWORDS

Amaranthus palmeri, cluster analysis, Ipomoea batatas, shoot biomass reduction, stair-step,
sustainable weed management
Introduction

Sweetpotato [Ipomoea batatas (L.) Lam.] is a nutrition rich

food. It is the fifth most important crop worldwide, also termed

‘famine relief’ food as it meets the nutritional needs of

impoverished regions (Kakwani and Son, 2016; Vithu et al.,

2019). In the United States, it is mostly grown in North Carolina,

California, Mississippi and Louisiana (USDA, 2020; Duque et al.,

2022). Weed management is a major challenge for sweetpotato

growers (Nwosisi et al., 2019). One of the most problematic

weeds of sweetpotatoes is Palmer amaranth (PA) which is a

broad-leaved, annual dicot weed with the ability of fast early-

season growth and profuse seed production (Culpepper et al.,

2010; Barkley et al., 2016; Smith et al., 2020). PA if provided with

optimal moisture and temperature conditions, has the ability of

100% viable seed germination on the first day of sowing (Smith

et al., 2020). Palmer amaranth’s competition and interference

with the crop plants result in significant crop yield loss, higher

production costs, environmental issues, loss of biodiversity, and

threaten ecosystem safety (Shen et al., 2018a). In addition, it

serves as alternate host for many disease-causing pathogens and

pests (Morgan et al., 2001; Finney and Creamer, 2008).

Amaranthus palmeri (Palmer amaranth) can reduce

sweetpotato yield by up to 81% (Meyers et al., 2010). Being a

plant of vine nature, sweetpotato grows close to the soil surface,

thus hand-weeding is the only mechanical option for weed

management on a sweetpotato field (Treadwell et al., 2007). In

order to maintain and promote crop productivity and minimize

labor requirements, chemical herbicides have been widely

applied for weed control in crop fields. However, long-term

and extensive herbicide applications have increased number of

herbicide-resistant weed species (Webster and Nichols, 2012;

Norsworthy et al., 2012; Comont et al., 2019). Resistance to the

most commonly used chemical herbicide to control Palmer

amaranth, i.e., glyphosate, was reported after continuous

application for only 4 to 6 years (Legleiter and Bradley, 2008).

Similarly, several weeds exhibit multiple herbicide resistance,
02
such as glufosinate and paraquat resistance in goosegrass (Seng

et al., 2010). Inappropriate herbicide uses such as application

during wrong stage of crop development or during inapt weather

conditions could cause serious issues, such as groundwater

contamination or residue accumulation in the soil (Walker

et al., 2013). Furthermore, these chemical herbicides are not

suitable for use under organic farming system (Nwosisi et al.,

2019). Awareness among people about the associated threats and

increasing demand for high-quality agricultural produce poses a

critical need for safer and environmentally sustainable weed

management approaches (Głab̨ et al., 2017).

Consequently, economically sustainable and environment-

friendly weed management strategies, such as cover crops and/or

allelopathic crops are gaining popularity among researchers.

Allelopathy, an old and natural phenomenon, is an effective

weed control strategy and is gaining the interest of researchers all

over the world (Li et al., 2010). Allelopathy is the release of

secondary metabolites, also known as allelochemicals, by one

plant species that directly or indirectly affect its neighboring

plants (Rice, 1984; Alsaadawi et al., 2012; Dadkhah, 2015).

According to studies, these allelochemicals are environment-

friendly and biodegradable (Rizvi, 2012). Weed suppressing

ability has been reported in several crops including rice,

sorghum, canola, and wheat (Kong et al., 2011; Rice, 2012;

Khan et al., 2015). It is vital to identify the varieties with

ability to produce high levels of weed-suppressive chemicals

that can then be used by breeders to develop sweetpotato

varieties with considerable weed suppressive potential. In

addition to inhibiting the evolution of herbicide-resistant

weeds, these allelopathic sweetpotato varieties can encourage

organic or sustainable sweetpotato production.

Allelopathic property of sweetpotato has been demonstrated

to reduce the growth and development of weeds such as alfalfa,

and yellow nutsedge (Harrison and Peterson, 1986; Shen et al.,

2018a). It is, therefore, critical to screen potential sweetpotato

varieties for weed suppressive ability against troublesome Palmer

amaranth. Therefore, the present study evaluates the allelopathic
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potential of seventeen sweetpotato varieties against

Palmer amaranth.
Material and methods

Seventeen sweetpotato varieties representing landraces,

breeding lines, and cultivated varieties were selected and

obtained from the International Potato Center in Lima, Peru,

the National Germplasm Repository in Griffin, GA, and North

Carolina State University’s Micropropagation and Repository

Unit in Raleigh, NC.

All the 17 varieties and Palmer amaranth were screened in

the greenhouse at the R.R. Foil Plant Science Research Center,

Mississippi State University, with a day/night temperature and

cycle set to 28/24°C and 16/8 hr, respectively. The experiment

was carried out in a completely randomized design using a stair-

step structure (Figure 1A) with three replications. Quickrete

Play Sand (silicon dioxide) was used as a growing medium which

eliminated algae formation that could have changed the nutrient

composition of the flowing water and provided a medium for

easy flow of water from one pot to the next. The slips collected

from more than three months old plants with four nodes were

transplanted in the pots with sand. After 10 days of transplanting

when the plant established their roots, these pots were placed

into the stair-step structure.

Rockwool was used to germinate Palmer amaranth seeds in

the growth chamber (53% humidity, 16/8 hr day/night cycle).

The rockwool was soaked in water for 30 minutes and 10% acetic

acid was added to achieve a pH of 5.8 before transferring it to a

dixie tray to insert Palmer amaranth seeds in it. A greenhouse

top was used to cover the tray to maintain the moisture. Upon

germination, PA seedlings were transplanted into the pots with
Frontiers in Agronomy 03
sand. Three Palmer amaranth seedlings were transplanted in one

pot and were then allowed to establish in the sand for 2-3 weeks.

After establishment, these pots were also placed into the stair-

step set-up.

The stair-step system consisted of six rows in each column; a

bottle was fitted on the top-most step and a collecting tank with a

pump on the bottom-most step. The middle four steps were

occupied by the pots of size 15 × 10 cm (diameter × depth) with

the experiment plants. There were two columns, i.e. the control

column and the treatment column (Figure 1B), potato variety

tested. In the control column all the four rows had one pot

containing two plants of one sweetpotato variety, while in the

treatment two pots containing the same sweetpotato variety and

two containing Palmer amaranth were placed in alternate rows.

Also, one column (per replication) with pots containing all the

Palmer amaranth plants served as weed control. The pumps in

the collecting tanks were fitted with plastic tubing that connected

the bottles on top step to the respective collecting tank of each

column. The pumps were also connected to a timer and every six

hours the water from the collection tank was pumped to the

bottles on top-most step through the plastic tubing. From there

the water dripped to the descending pots and ultimately drained

to the collection tank. The timers were on and distilled water was

used throughout the duration of experiment. In order to prevent

nutrient deficiency, quarter strength Hoagland’s No. 2 basal salts

(Caisson Laboratories, Smithfield, UT, USA) was added in the

collecting tank containing distilled water after every two weeks

of transplanting. Each column was a closed loop structure with

its own tubing, bottle, pump and collecting tank and was

independent of the others.

The height of all the plants in the stair-step system was

recorded at 2, 3, 4, 5, and 6 weeks after transplanting (WAT).

The chlorophyll content of the plants at 3 WAT was recorded
A B

FIGURE 1

(A) Stair-step structure with plants on four steps. Collecting tanks are at the bottom and bottles are at the top to cycle the solution, (B) A
diagrammatic representation of the arrangement of plants in the stair-step structure.
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using a CCM300 chlorophyll meter (Opti-Science, Hudson, NH,

USA). After six weeks, the plants were harvested (above ground),

dried in a hot air oven for three days at 65°C and shoot biomass

(SB) was recorded.
Statistical analysis

The allelopathic effect of the sweetpotato varieties based on

the percent inhibition of the Palmer amaranth was calculated

using the following equations:

Height reduction  %ð Þ

=  
Height of control plants  cmð Þ −Height of treated plants  cmð Þ

Height of control plants  cmð Þ
� �

� 100

Chlorophyll reduction  %ð Þ

=  
Chlorophyll of control plants  cmð Þ − Chlorophyll of treated plants ð cmÞ

Chlorophyll of control plants  cmð Þ
� �

� 100
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SB reduction  %ð Þ

=  
SB of control plants  cmð Þ − SB of treated plants ð cmÞ

SB of control plants  cmð Þ
� �

� 100

Data were analyzed using JMP 14.1.0 (SAS Institute Inc.,

Cary, NC) software at p ≤ 0.05. Principle Component Analysis

(PCA) was performed using PAST software v 4.02 (Hammer

et al., 2001).
Results

In the present study, plant height (weekly from 2 WAT to 6

WAT), chlorophyll content and shoot biomass of all the plants in

the stair-step were recorded. The Analysis of Variance (ANOVA)

showed singificant (Table 1) variation among the sweetpotato

varieties for plant height (at 3, 4, and 5 WAT); chlorophyll

content and SB of Palmer amaranth at p < 0.005 and a = 0.05.

Based on the height reduction values, most of the

sweetpotato varieties reduced Palmer amaranth height to a
TABLE 1 Analysis of variance for plant height, chlorophyll content, and SB of Palmer amaranth among the sweetpotato varieties.

Source DF Mean Square

Plant Height Chlorophyll Content Shoot Biomass

Week 2 Week 3 Week 4 Week 5 Week 6

Variety 16 1064.75 1548.98* 2486.00*** 4339.60**** 1731.22 2120.28* 2163.20**

Error 119 659.44 599.77 777.50 695.97 1339.06 901.18 666.10

C.Total 135
* Significant at p < 0.005, **p<0.001, ***p<0.0005, ****p<0.0001.
TABLE 2 Mean height reduction (3, 4, and 5 WAT); chlorophyll reduction (3 WAT), and shoot biomass reduction values of Palmer amaranth in the
presence of sweetpotato varieties.

Sweet
potato
variety

Palmer amaranth
mean height reduction

(%) at 3 WAT

Palmer amaranth
mean height reduction

(%) at 4 WAT

Palmer amaranth
mean height reduction

(%) at 5 WAT

Palmer amaranth
mean chlorophyll
reduction (%)

Palmer amaranth
mean shoot biomass

reduction (%)

B14
(Beauregard)

27.24 40.82F 1.29 7.61CD 0.00C

Morada,
Sombica

29.40 38.56EF 42.62 22.11BCD 73.85AB

Hatteras 32.01 68.15ABCD 78.01 52.91A 97.75A

MD16-109 33.62 51.77BCDE 55.73 13.92CD 72.17AB

MS501 36.42 40.33EF 52.90 24.32ABCD 91.31AB

Stokes
Purple

38.28 45.98EF 36.95 12.60CD 75.57AB

Covington 43.47 51.15DE 59.47 31.37ABCD 95.83A

(Continued)
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considerable extent compared to the control column (without

sweetpotato) (Table 2).

The least significant difference (LSD) among means was

calculated using the students-t-test (a = 0.05). Significantly

different means were assigned the different letters. The mean
Frontiers in Agronomy 05
variation for the traits recorded was also compared using the

students- t-test and the variation for percent reduction in height

(at 3, 4, and 5 WAT), chlorophyll content and SB of PA was

significantly different in the presence of different varieties.

Morado (74.66%), Bayou belle (61.85%), Vardaman (61.36%),
TABLE 2 Continued

Sweet
potato
variety

Palmer amaranth
mean height reduction

(%) at 3 WAT

Palmer amaranth
mean height reduction

(%) at 4 WAT

Palmer amaranth
mean height reduction

(%) at 5 WAT

Palmer amaranth
mean chlorophyll
reduction (%)

Palmer amaranth
mean shoot biomass

reduction (%)

Bayou Belle
1

44.12 42.06EF 53.31 23.22BCD 61.79AB

Evengeline 45.83 56.78ABCDE 65.20 34.98ABC 96.75A

Orleans 47.34 51.03DE 51.35 23.04BCD 76.81AB

Travis 50.17 51.17BCDE 58.71 6.89D 67.48AB

Heartogold 51.06 68.49ABCD 84.96 42.19AB 54.69AB

Centennial 52.44 75.39ABC 81.49 53.70A 89.50AB

529 59.04 76.21AB 93.22 61.76A 91.56A

Vardaman 61.36 54.71DE 52.02 20.73BCD 88.12AB

Bayou Belle 61.85 64.17CDE 77.47 13.95CD 71.96AB

Morado 74.66 83.21A 93.08 34.32ABCD 71.08AB
A

B

FIGURE 2

Graphs representing PA’s (receiver plant) height reduction (%) at, (A) 3, 4 and 5 WAT; (B) 4 WAT; in presence of donor plant varieties of
sweetpotato along the X-axis.
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529 (59.03%), and Centennial (52.44%) significantly reduced

PA’s height compared to the control after 3 weeks of

transplanting (Figure 2A). On the other hand, the height of

PA was only reduced by 27.23% in the presence of the

commercial variety, Beauregard (B14). Morado (83.21%), 529

(76.21%), Centennial (75.39%), Heart-O-Gold (68.15%), and

Hatteras (68.15%) exhibited a greater reduction in PA height

at 4 WAT and this reduction increased even at 5 WAT

(Figure 2B). Variety 529 showed a maximum (93.22%)

reduction in PA height at 5 WAT, followed by Morado

(93.08%), Heart-O-Gold (84.96%), and Centennial (81.49%).

Variety 529 reduced Palmer amaranth chlorophyll content

the most, followed by Centennial, Hatteras, and Heart-O-Gold

(Figure 3A). Maximum shoot biomass reduction was observed

in the presence of Hatteras (97.75%), followed by Evangeline

(96.75%), Covington (95.82%), and 529 (91.65%) (Figure 3B).

The Ward’s method was used to cluster the varieties based

on the traits recorded (height, chlorophyll, and shoot biomass

reduction of Palmer amaranth). The dendrogram grouped all the

varieties into two major clusters (I & II) consisting of 4 and 13

varieties, respectively (Figure 4). The four varieties (Heart-O-

Gold, Centennial, 529, and Morado), which suppressed Palmer

amaranth height by at least 68%, were clustered (cluster I)

separately from the rest. Cluster II consisted of the remaining
Frontiers in Agronomy 06
13 varieties. Among the varieties in cluster II, B14 was the one

with least reduction values for PA’s height, chlorophyll and SB,

which made it group separately from the other varieties.

A PCA was also performed based on the variation among the

traits recorded (Figure 5). The PCA indicated that the total

variance in weed-suppressing traits was explained by the five

principal components (PC). PC1 explained 68.03% of the total

variation while PC2, PC3, PC4, and PC5 explained 19.66%,

8.86%, 2.40%, and 1.05% of the total variation, respectively.

Similar to cluster analysis, PCA also clustered all varieties

majorly in two groups. Group I consisted of four varieties, i.e.,

Heartogold, Centennial, 529, and Morado, with high growth-

suppressive ability against Palmer amaranth. Group II consisted

of the remaining varieties except for B14 with no allelopathic

effect on Palmer amaranth and grouped separately.
Discussion

The demand for integrated weed management practice is

increasing with time to reduce the reliance on chemicals.

Excessive use of chemical herbicides has residual hazardous

effects and causes resistance development in weeds.

Allelopathy is an effective, eco-friendly approach of weed
A

B

FIGURE 3

Graphs representing PA’s reduction (%) in, (A) chlorophyll; (B) shoot biomass; in presence of donor plant varieties of sweetpotato along the X-
axis.
frontiersin.org

https://doi.org/10.3389/fagro.2022.930378
https://www.frontiersin.org/journals/agronomy
https://www.frontiersin.org


Singh et al. 10.3389/fagro.2022.930378
suppression that can reduce the dependency on herbicides. The

effective use of allelopathic weed suppression could reduce the

cultivation cost which ultimately leads to higher profit for the

producer/farmer.

The use of the stair-step structure is an effective way to

determine the allelopathic effect one plant species may have on

the other as it eliminates competition and the influence of other

plant species. Previously, this structure was used efficiently to

study the allelopathic potential of Oryza sativa against

Echinochloa crus-galli (Schumaker et al., 2020) and Gossypium

hirsutum against A. palmeri (Fuller et al., 2021). Also, the use of

sand instead of a soil/potting medium was helpful in eliminating

any type of change in nutrient composition that could have

changed the phenotype of the plants in the experiment

(Camberato, 2007). Allelochemical production is controlled by

both genetic and environmental factors (Xiong et al., 2007).

Thus, the expression of the genes responsible for allelopathic

impact greatly depends on the environmental conditions

provided during the experiment (Kruse et al., 2000). The stair-

step set-up and the greenhouse in our experiment have provided

ideal conditions to identify the weed-suppressive effect of

different sweetpotato varieties on PA.

Sweetpotato is one of the important crops cultivated in the

southern states of the USA and is one of the most widely grown
Frontiers in Agronomy 07
root crop in African countries like Nigeria, Madagascar, and

Angola (Low et al., 2009). Varieties such as Centennial, 529, and

Morado have already been reported to produce allelochemicals

such as chlorogenic acid, caffeic acid, coumarin (Soni et al.,

2019). These allelochemicals inhibited the growth of weeds in

crops like Oryza sativa, Artemisia argyi (Khanh et al., 2007;

Chen et al., 2021). A reduction in cowpea growth was reported

when it was grown on the field following the sweetpotato due to

the allelopathic effects of leaf litters and decaying residues from

the sweetpotato (Dahiya et al., 2017). The weed-suppressive

effect of sweetpotato on the bitter vine (Mikania micrantha) was

studied by Shen and coworkers and they observed that the

allelopathic impact varied with sweetpotato varieties (Shen

et al., 2018b).

Allelopathic varieties with the potential to suppress weed

growth can be useful for breeding cultivars designed for organic

production systems. The present study reported for the first time

that Hatteras exhibited allelopathic effects, which further paves

the way for identifying allelochemicals associated with these

varieties. Allelochemical production increases when the

allelopathic crop varieties grow in close proximity of the

competing weed plants (Chen et al., 2010; Kato-Noguchi, 2011).

Allelopathic weed suppression has already been used

successfully in other crops like rice and sorghum. Several
FIGURE 4

Clustering of the sweetpotato varieties using the Ward’s method. Cluster I (green color) consisted of varieties with the most weed-suppressive
potential against Palmer amaranth, while cluster II (red color) consisted of the remaining 13 varieties that were less suppressive.
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studies have shown a reduction in barnyardgrass (Echinochloa

crus-galli) by allelochemicals produced by allelopathic rice

(Oryza sativa) varieties (Zhao et al., 2005; Kong et al., 2006;

Kato-Noguchi, 2011). Sorghum species release an allelochemical

named Sorgoleone, which is released by specialized root hair

cells also known as natural herbicide factories (Dayan et al.,

2007; Głab̨ et al., 2017). A 90% weed control was observed in the

wheat field by using root and leaf extracts containing sorgoleone

in combination with a 50% field rate of mesosulfuron plus

iodosulfuron (Khaliq et al., 2013). The allelopathic suppression

of the growth and development of weeds such as alfalfa, yellow

nutsedge, Palmer amaranth, bitter vine, have been demonstrated

by using sweetpotato varieties (Harrison and Peterson, 1986;

Varsha et al., 2021).

The results of the cluster analysis and PCA have

complemented each other by grouping the varieties with
Frontiers in Agronomy 08
significant Palmer amaranth-suppressing ability, i.e., Heart-O-

Gold, Centennial, 529, and Morado, into one cluster and the

remaining in another. Clustering the varieties with similar weed

suppressive potential assists the researcher to have a better

understanding of the breeding material for crop improvement.

Similar strategies have been previously used to cluster cotton

(Fuller et al., 2021) and rice (Schumaker et al. 2020) varieties

with allelopathic weed-suppressing abilities.
Conclusion

The reduction in the height of weed plants is one of the

essential morphological criteria in determining the allelopathic

effect of sweetpotato against weeds. Sweetpotato varieties 529,

Morado, Centennial, and Hatteras were demonstrated to have an
FIGURE 5

Principle Component Analysis (PCA) with five components, Palmer amaranth’s (1) mean height reduction at 3 WAT (%), (2) mean height
reduction at 4 WAT (%), (3) mean height reduction at 5 WAT (%), (4) mean chlorophyll reduction at 3 WAT (%), (5) mean chlorophyll
reduction (%).
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allelopathic effect on Palmer amaranth weed. Our work

represents the first study to show that Hatteras has allelopathic

properties against PA. Field trials need to be conducted to study

the allelopathic effect of these varieties under natural

env i ronmenta l cond i t ions . The quant ifica t ion o f

allelochemicals and identification of gene(s) responsible for

producing those allelochemicals will be of prime importance.

The genes may aid in the commercial synthesis and production

of allelochemicals, which could be used as potential

bioherbicides promoting sustainable weed management.
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