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Abstract

Allelopathic compounds have the potential to inhibit the growth and devel-
opment of other organisms in a diverse manner ranging from shifting nu-
trients and enhancing their growth to inflicting diseases. In addition, these
compounds influence seedling growth and seed germination of various crops.
The goal of this study was to identify and quantify different allelochemicals in
various sweet potato cultivars through high-performance liquid chromato-
graphy techniques. Selected sweet potato slips (weight: 2.0 - 2.5 grams/slip)
were propagated in separate glass tubes filled with 10.0 mL distilled water.
Water extract from each glass tube was collected after 2, 4, and 6 weeks after
transplanting (WAP) to identify and quantify allelochemical compounds by
comparing their peaks with the retention time of standards. Results show that
the concentration of allelochemicals in water extract was increased from 2 to
4 WAP but remained constant in the sixth week. Quantitative analysis re-
vealed that the amount of chlorogenic acid was higher in all sweet potato cul-
tivars compared to other allelochemicals. Some sweet potato cultivars, A5 and
A39, exhibited higher allelopathy (18.28 - 19.37 ppm/slip) and reduced the
height and biomass of Palmer amaranth the most due to the presence of in-
creased concentration of combined allelochemicals, while other cultivars
produced lesser allelochemicals (10.90 ppm/slip) and did not reduce the
growth of the weed species. Allelopathic sweet potato cultivars high in chlo-
rogenic acid production can effectively suppress Palmer amaranth with mi-
nimal dependence on chemicals to manage weeds and harmful pests under
sustainable agricultural system.
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1. Introduction

Sweet potato is one of the most nutritious vegetables and is grown and con-
sumed in many countries around the world. It is also used as an animal feed and
as a source of many other beneficial products [1]. In Mississippi, sweet potato is
grown in more than 20,000 acres each year, primarily in the Northern Mississip-
pi, with its most substantial acreage centered around the town of Vardaman [2]
[3]. Vardaman has an extended record of producing high-quality sweet potato
and is also known as the Sweet Potato Capital of the World [2]. In Mississippi,
29,000 acres of sweet potato were harvested across 89 farms, with a production
value of $123 million in 2017 [4]. It is the second-largest sweet potato producing
State in the United States after North Carolina. Regrettably, the majority of the
sweet potato farms in Mississippi are exposed to problematic weeds that cause
substantial yield reduction [5] [6]. Major weeds in sweet potato are yellow nut-
sedge, purple nutsedge, goosegrass, common cocklebur, redroot pigweed, and
Palmer amaranth [7] [8]. Among these weeds, yellow nutsedge and Palmer
amaranth are the most troublesome [8] [9]. Yield reduction of up to 81% was
reported with season-long interference of Pa/mer amaranth in sweet potato [10],
while yellow nutsedge at a density of 90 shoot/m?, resulted in a predicted yield
loss of up to 96% [5] [11]. Moreover, a yield loss of up to 90% occurs if weeds
are not controlled during the initial growing period [6].

Weed interference in sweet potato production is becoming a challenging task
due to limited chemical options. In Mississippi, registered herbicides for sweet
potato include clomazone, flumioxazin, and S-metolachlor for nutsedge and
Palmer amaranth control. Application of clomazone does not adequately control
Palmer amaranth [12]; however, flumioxazin provides excellent control of Pal-
mer amaranth, but not of nutsedges [13]. S-metolachlor is effective on yellow
nutsedge and Palmer amaranth, however, it also causes significant injury on
sweet potatoes, resulting in storage root yield reduction, and decreased storage
root quality [5]. Moreover, post-emergence control of weeds is limited to only
row middles and fails to control weeds within the planted rows. To overcome
these herbicide limitations and enhance sweet potato quality and yield for Mis-
sissippi growers, there is a distinct need to find an alternative weed control
strategy that can efficiently reduce the weed burden around the crop, and at the
same time, protect the yield and quality of storage roots. One of the promising
weed control approaches is the utilization of weed suppressive ability that is al-
ready present in crop cultivars, known as allelopathy.

Allelopathy is a natural phenomenon where the secondary metabolites pro-
duced by one plant species inhibit the growth and development of neighboring
species [14]. Several researchers have shown the use of different allelopathic crop
cultivars, including rice, wheat, sunflower, and canola, in weed management
[15] [16] [17] [18]. Although there are not many reports on the allelopathic
property of sweet potato, a few studies have confirmed that sweet potato does

suppress the growth of weeds, including alfalfa, and yellow and purple nutsedge;
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however, the specific allelochemicals in sweet potato responsible for weed sup-
pression is unknown [19]. A greenhouse study that looked at the allelopathic ef-
fects of sweet potato on yellow nutsedge reported a reduction in yellow nutsedge
biomass by 46% when grown in soil from sweet potato field plots [19]. A similar
study showed that a 50% aqueous methanol extract (concentration equivalent to
2.5 mg/mL) of regal sweet potato was highly effective in inhibiting the root
growth of yellow nutsedge, while at 10 mg/mL the root growth was almost en-
tirely inhibited. In terms of weed seed germination, the extract of Regal sweet
potato (10 mg/mL) reduced the germination of alfalfa seeds by 55%, while the
extract of SC 1149-19 (10 mg/mL) resulted in a 94% reduction in germination
[19]. Another study reported that a 26 mg/mL methanol extract of sweet potato
root was able to inhibit redroot pigweed germination by 50% [20]. These results
suggest that the root periderm tissues of sweet potato acts as a potential source
of allelochemicals and constantly produced with the growth of sweet potato
flashy roots [21].

The availability of allelopathic crops can help control weeds season long, re-
duce the repetitive application of herbicides, and prevent further evolution of
herbicide-resistant weeds. Moreover, this naturally occurring phenomenon of
allelopathy can be used as a biological weed suppression strategy or as a source
of new selective weed control mediators [19]. At ambient atmospheric condi-
tions, these allelochemical compounds are secreted into the environment
through the processes of decomposition, leaching, volatilization, and root ex-
udation, thus inhibiting the development of neighboring plant species [22] [23].

In the past, researchers have conducted HPLC analysis to determine the alle-
lopathic potential of solvent extracts (aqueous, methanol, ethyl acetate, ethanol,
butanol, and hexane) from three different colored sweet potato cultivars by plant
parts (leaf, stem, and root) [17] [24]. The concentration and inhibitory effects of
coumarin, trans-cinnamic acid, o-coumaric acid, p-coumaric acid, caffeic acid,
and chlorogenic acid were determined in various solvent fractions. It was
found that the degree of inhibition by each cultivar was increased with in-
creasing extract concentration from 50% - 100%. In all the fractions, 61.9
mg/100 g of chlorogenic acid was detected as the highest component, followed
by caffeic acid at 33.5 mg/100 g, and trans-cinnamic acid at 20.9 mg/100 g [24]
[25]. The study reported that the leaf extracts reduced the root length of alfalfa
by 96%, while the stem and root extracts reduced root lengths by 87% and
85%, respectively [24]. Therefore, the goal of our study was to identify and
quantify the all elocompounds using HPLC chromatographic method in sweet

potato associated with weed suppression.

2. Experimental Section
2.1. Materials

A total of 10 sweet potato cultivars were selected from our previous allelopathy

screening against Palmer amaranth (Caputo et al, 2018). All sweet potato geno-
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types were obtained from Pontotoc Ridge-Flatwoods Branch Experiment Sta-
tion, Mississippi State University, Pontotoc, MS. Sweet potato slips of selected
cultivars were collected from the greenhouse located in Dorman Hall, Plant and
Soil Science Department, Mississippi State University, MS. Reagents used in this
study were purchased from commercial sources and used as received without
further purification. The following chemicals were purchased from Fisher Scien-
tific and Sigma-Aldrich, USA: chlorogenic acid, caffeic acid, trans-cinnamic ac-
id, coumarin, and hydroxycinnamic acid, acetonitrile, ethyl acetate, methanol,
acetone, and glass tubes (20 mL). All standard solutions of different concentra-

tions were prepared in HPLC grade methanol.

2.2. Methods

2.2.1. Sample Preparation for Chemical Extraction in Water

Table 1 represents the selected sweet potato cultivars used in this study with
their name, source, and other related information. In order to extract allelo-
chemicals from water, sweet potato slips, approximately 2.0 to 2.5 grams of
weight with 4 - 5 nodes, were cut and placed in separate glass tubes filled with 10
mL distilled water (DI-water). Glass tubes were marked to indicate the DI-water
level and covered with parafilm to prevent the solvent evaporation. All tubes
were covered with aluminum foil and kept inside a growth chamber (Percival
Scientific PS-0349, T = 24°C, RH = 55%). All experiments were conducted in
2018 in the Weed Physiology Laboratory at Mississippi State University, Missis-
sippi State, and repeated twice with three replicates and analyzed quantitatively
at 2, 4, and 6 weeks after transplanting (WAP).

2.2.2. Preparation of Standards for Calibration
Standard solutions of chlorogenic acid, caffeic acid, trans-cinnamic, coumarin,

and hydroxycinnamic acid (Figure 1) were prepared at different concentrations

Table 1. Selected sweet potato cultivars for experimental analysis.

Cultivar Name ID Number Source Origin  Replicate
PI 566631 01
A5 Heartogold v USDA, ARS, PGRCU, Griffin, GA LA 3
Al7 Centennial Louisiana State University LA 3
A23  Covington (new) #1IM North Carolina State University NC 3
A24 Hatteras (new) #4M North Carolina State University NC 3
A3l Orleans Orleans-7 LSU virus tested LA 3
A36 Vardaman PI566662 USDA, ARS, PGRCU, Griffin, GA MS 3

A37 Morada, Sombica PI50831  USDA, ARS, PGRCU, Griffin, GA Venezuela 3

A38 Morado P1538289 USDA, ARS, PGRCU, Griffin, GA Peru 3
A39 529 P1538306 USDA, ARS, PGRCU, Griffin, GA Guatemala 3
A43 Spokes Purple Vance Farms, Chickasaw, MS NC 3

Total = 30 Samples

DOI: 10.4236/ajps.2019.1012163

2357 American Journal of Plant Sciences


https://doi.org/10.4236/ajps.2019.1012163

B. Soni et al.

of 100, 50, 25, 10, 5.0, and 2.0 ppm to obtain the calibration curve for each ref-

erence. All analyses were conducted in triplicates.

2.2.3. HPLC Analysis of Extracted Water Samples

Water samples (~2.0 mL) extracted at 2, 4 and 6 WAP were collected and ana-
lyzed in HPLC (Hewlett Packard-Agilent 1100 series) using the ultraviolet de-
tector and C18 column (CAPCELL PAK SG120 (4.6 x 250 mm) at 30°C temper-
ature. Deionized water and methanol (solvent gradient system) were used as an
eluent at a flow rate of 0.6 mL/min, and the run lasted for 30 min. Quantification
of all the compounds was carried out by comparing the peak integration values
with chromatograms of known standards and presented in parts per mil-

lion/gram slip.

2.2.4. Statistical Analysis

The experimental design was completely randomized, and data were pooled
across runs. Data were subjected to analysis of variance using PROC GLM (SAS
version 9.4, SAS Institute Inc., Cary, NC 27513, USA), and mean values were
separated using Fisher’s protected LSD at an alpha level of less than or equal to
0.05. The principal component analysis of JMP 13 (SAS Institute Inc., Cary, NC
27513, USA) was used to visualize correlations among the original variables, and

between the variables and components.

3. Results and Discussion

The growth of sweet potato slips in DI-water after the second, fourth, and sixth
weeks after transplanting (WAP) is presented in Figure 2. The concentration of
the extracted allelochemicals increased as the growth of root length increased
from 2 to 4 WAP but did not change at 6 WAP. The mode of action of these al-
lelochemicals is involved in the inhibition and alteration of plant growth and
may be selective in their responses [26]; this selectivity varies among cultivars.
Quantitative analyses were conducted using HPLC for five different allelo-
chemicals shown in Figure 3. The presence of phenolic acids in water extract is
known to inhibit the protein and hormone biosynthesis [27], and change the

0 0
A
(0] (0]
HO
Coumarin Trans-Cinnamic Acid Hydroxycinnamic Acid
o HQ CO,H
N OH
HOY =
HO
OH OH
Caffeic Acid Chlorogenic Acid OH

Figure 1. Chemical structure of selected compounds involved in allelopathy.
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ultrastructural components of cells, cell division [28], ion uptake [29], chloro-
phyll biosynthesis [30], and cell membrane stability [31]. Additionally, a poten-
tial suppressive effect of secondary metabolites other than phenolics could not
be excluded; flavonoids and terpenoids extracted from sunflower have signifi-
cant suppressive ability against plants [32].

Figure 3 shows the total and individual allelochemical concentrations pro-
duced by each of the ten sweet potato cultivars (p < 0.0001). All cultivars were
differentiated into allelopathic and non-allelopathic biotypes according to the
amount of allelochemical extracted in water at 2 and 4 WAP. Cultivars 39 and
5 demonstrated higher amounts of total allelochemicals, especially chlorogenic
acid, and trans-cinnamic acid. Chlorogenic and caffeic acid was present in all
cultivars; however, hydroxycinnamic acid, trans-cinnamic acid, and coumarin
were distributed randomly. This variation in allelochemical concentration
among all cultivars may be due to their origin and environmental conditions; for
instance, cultivars 5 and 39 obtained from the USA (Louisana) and Guatemala
are potentially allelopathic biotypes, which may have adapted much better con-
ditions than other sweet potato cultivars. However, cultivars 17 (Louisiana), 38
(Georgia), and 43 (Mississippi) were obtained from different parts of the USA
and showed intermediate concentration of allelochemicals. These results express an
agreement with our previous study (Caputo et al, 2018) related to the weed sup-
pressive ability against palmer amaranth conducted in the greenhouse (Table 2).

Cultivars 5 and 39 performed their best by reducing palmer amaranth biomass
by 80%, and height by 39%. Thus, these two cultivars were identified to be most
allelopathic, with an average weed suppressive potential of 63%. Cultivars 36 and

37, on the other hand, were found to be the least allelopathic with a common
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Figure 2. Sweet potato slips growth in distilled water.
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Figure 3. Mean comparison of each allelochemical in all sweet potato cultivars.

Table 2. Allelopathic potential of sweet potato cultivars against palmer amaranth.

Cultivar Biomass reduction (%) Height reduction (%) Average allelopathy (%)

A5 39 87 63.0
Al7 22 71 46.5
A23 2 66 34.0
A24 21 65 43.0
A3l 20 75 47.5
A36 24 14 19.0
A37 22 17 19.0
A38 6 77 41.5
A39 39 80 59.5
A43 26 54 40.0

weed suppressive potential of 19%. The weed suppressive allelochemicals may be
more active in soil because of adsorption to soil colloids and organic matter [33].

The hierarchical clustering of sweet potato cultivars, based on their differences
in allelochemical compounds, grouped them into three different clusters (Figure
4). Sweet potato cultivars in each cluster exhibited different levels of weed sup-

pressive potential. Cultivars represented by the same color belong to the same
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Palmer amaranth height reduction (%)
Chlorogenic acid (ppm/g stem)

Palmer amaranth biomass reduction (%)
Trans-cinnamic acid (ppm/g stem)
Hydroxycinnamic acid (ppm/g stem)

Total allelochemicals (ppm/g stem)
Caffeic acid (ppm/g stem)
Coumarin (ppm/g stem)

Figure 4. Two-way cluster analysis using all traits.

group. Cluster 1 contained two cultivars (5 and 39) and displayed a high concen-
tration of allelochemicals, which significantly suppressed the height and biomass
of palmer amaranth weed. Clusters 2 and 3 were considered as non-allelopathic;
however, cultivars 17, 38, and 43 showed intermediate allelopathic potential due
to high amounts of coumarin and caffeic acid and did not inhibit the weed
growth effectively. Cluster 3 consisted entirely of non-allelopathic cultivars,
which showed the least weed growth inhibition. Similar observations were made
by Xuan et al. (2016) where they determined that the ability of sweet potato cul-
tivars in suppressing the growth of cogongrass (/mperata cylindrica) is cultivar
dependent [34]. In their study, three (Yen 36, 54, and 615) out of 48 cultivars in-
hibited the germination of cogongrass by more than 90%, thus indicating their
high weed germination suppressive potential in contrast to weak germination
suppression shown by the rest of the cultivars. Differential allelopathic potential
of sweet potato cultivars suggests that these may have different inhibitory com-
pounds or the quantity of these allelochemicals vary among the sweet potato cul-
tivars [35].

Results from the principal component analysis (PCA) indicates that 54% of
the variation was attributed to component 1, and 25% of the variation was from
component 2 (Figure 5). All parameters used for evaluating allelopathic potential
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Figure 5. PCA analysis using all traits.

were positively correlated with component 1. The PCA data correlated with the
two-way cluster analysis in which cultivars 5 and 39 showed higher concentra-
tion for total allelochemical compounds and effectively reduced the growth of
Palmer amaranth weed. Component 2 was grouped distantly, thus indicating
that the growth of weeds was not affected by other cultivars. Sweet potato culti-
vars were also demonstrated to have potential suppressive ability against cogon-
grass (Imperata cylindrica), bidens (Bidens pilosa), and goatweed (Ageratum
conyzoides) weeds by up to 97%, 90% and 85%, respectively [34].

It has been identified that sweet potato contains plant growth inhibitors like
coumarin, caffeic acid, and trans-cinnamic acid; however, caffeic acid is influ-
enced by both environmental conditions and the genetic makeup of the plant
[24]. Also, the high allelopathic potential of few sweet potato cultivars identified
in this study may be due to the difference in their origin which may have influ-

enced their genetic makeup in the long run.

4. Conclusion

Based on our methodology and findings, we can conclude that the growth-inhibiting
allelochemicals were successfully extracted during root propagation from various
sweet potato cultivars, and the HPLC technique was useful in quantifying these
allelochemicals. The hierarchical clustering of sweet potato cultivars based on
their allelopathic potential against Palmer amaranth resulted in three distinct
clusters. Cluster 1 represented higher weed suppressive potential than clusters 2,
while cluster 3 consisted of cultivars with non-allelopathic potential. Quantifica-
tion of allelochemicals in all sweet potato cultivars classified them into two bio-
types, allelopathic and non-allelopathic. Two cultivars, A5 and A39, produced
the highest amounts of allelochemicals and showed a significant reduction in

height and biomass of Palmer amaranth weed species. On the other hand, due to
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the presence of low allelochemicals, some cultivars were able to reduce weed
growth by only 19%. The use of allelopathic sweet potato cultivars will reduce
the usage of herbicides for weed management, and therefore prevent further
evolution of herbicide-resistant weeds. Allelopathic sweet potato cultivars will
also be an effective option for managing weeds in organic production as herbi-

cides are not permitted to be used.
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