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Abstract

Organic Sweetpotato (I[pomoea batatas (L.) Lam) production in the United States has become more pop-
ular due to consumers’ concern regarding food safety. Growers, however, are challenged by many issues
in organic production, including weed control that was often cited as the number one factor contributing
to yield reduction. This report described a case study conducted on an organic farm in central Missouri,
USA where cereal rye (Secale cereale L.) or rapeseed (Brassica napus 1.) were planted as cover crops. The
two crops were terminated by either tilling a couple of times or mowing followed by crimping prior to
Sweetpotato transplanting. This case study demonstrated that tilling the cover crops rather than mowing
and crimping resulted in significant weed control especially in the early part of the growing season. This
suppression also resulted in up to three times the root tuber production, compared to the untreated con-
trol where no cover crops were planted. Between the two crops, cereal rye appeared to produce a higher
yield in terms of tuber counts. This case report suggests that tilling cover crops prior to Sweetpotato
transplanting can benefit organic Sweetpotato production.
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Introduction

Organic farming is becoming popular, with the demand for organically produced food
increasing due to an increase in consumers’ concern about how their food is produced [1,2].
Due to the high costs associated with organic farming, it is estimated that organic produce often
commands a 12-60% increase in market price [3], thereby attracting more farmers to organic
production [2]. The increased demand for organic produce presents many opportunities
for organic Sweetpotato (I[pomoea batatas (L.) Lam) growers. The growers however, cannot
meet the demand due to various challenges faced in production. Weeds are often cited as
the biggest hindrance to successful organic farming [4]. The nature of the Sweetpotato
plant, growing close to the soil surface with spreading vines, leaves growers with only hand
weeding as an option [5]. Without hand weeding, yield losses of up to 80% could occur due to
weed competition [6]. There has been increased interest in cover crops recently due to their
contribution to soil fertility and crop performance. Cover crops are normally grown during
the off-season and could be used directly by leaving their residue on the soil surface after
termination. Residues may also be incorporated into the soil after termination, in which case
such cover crops are referred to as ‘green manure’ crops. Cover crops have been reported to
reduce soil erosion [7,8], increase soil organic matter [9], improve soil physical and chemical
characteristics [10], increase microbial activity [11], suppress weed populations [12] (Shilling
et al,, 1986), and reduce soilborne plant diseases [13,14]. Cereal rye (Secale cereale L.) is a
widely used winter annual cover crop, due to its rapid germination, establishment and deep
rooting [15]. According to Haruna et al. [16] and Teasdale et al. [17], the residues of cereal
rye influence emerging crops, weeds and pests by affecting the radiation, thermal, and the
hydrological environment.

Additionally, it has been shown that cereal rye residue releases phytotoxic compounds
responsible forits allelopathic effects [18]; namely 2,4-dihydroxy-(2H)-1,4-benzoxazin-3(4H)-
one (DIBOA) and its breakdown product, benzoxazolin-2(3H)-one (BOA) [19]. Rapeseed
(Brassica napus 1.) on the other hand, as a Brassica species, contains glucosinolates, which are
not phytotoxic in themselves, but as the plant tissues break down in soil, glucosinolates are
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converted to isothiocyanates, thiocyanates, nitriles, epithionitriles,
and oxazolidine-2-thiones [20]. The glucosinolates are responsible
for the herbicidal, fungicidal, and nematicidal activity of Brassica
spp. [19]. As both cereal rye and rapeseed can inhibit crop plant
growth due to their allelopathic activities, proper termination
methods and timing for the cover crops will be essential in utilizing
those crops. This case study therefore aimed to evaluate the role
that cereal rye and rapeseed might play in organic Sweetpotato
production and the best method for termination.

Case Presentation

This case study was carried out at Share Life Farms, a certified
organic farm located in Marshall, Missouri, USA. The soil was a
Sibley silt loam (fine, silty, superactive, mesic, Typic Argiudolls),
with a pH of 6.3 and organic matter content of 2.6% and was
located on a site with 1-2% slope. In the plot area, two cover crops,
either rapeseed (Brassica napus 1.) or cereal rye (Secale cereale L.),
were established from seeds on the 3™ of October 2016 at rates
of 7.5kg or 113.0kg per hectare, respectively, using a mechanical
hand planter. The cover crops were terminated by two methods.
One method was to keep the cover crop biomass on the soil surface
by first mowing on 24" April and then crimping using a roller
crimper on 6% June, 2017 (crimped). The second method was to
till the cover crops into the soil as green manure by using a rotary
tiller twice on the same dates described above (tilled). The control
plots were tilled as well at the same dates as without cover crops,
weeds completely occupied the plots area. After termination of the
cover crops, Sweetpotato ‘Beauregard’ slips were transplanted into
the field plots on 22™ of June, 2017 using a planter. Within each

plot, a total of 20 Sweetpotato slips in two rows were planted with
an intra- and inter-row spaces of 30cm and 150cm, respectively.
Sweet potatoes were harvested between 6% and 13" November
2017, using a potato digger. During this growing season, no
additional weed control measures were implemented, and water
was provided by seasonal rainfall with no supplemental irrigation.
After transplanting the Sweetpotato slips, percent weed cover in
the plots area was monitored monthly from July to October. This
was performed by randomly placing a 61cmx61cm frame three
times in each plot and averaging the estimated percent weed cover
within the frame. During this experiment, Sweetpotato plant vigor
was estimated monthly as well, based on a 1-5 scale. In this scale,
5 indicated the best plant vigor, 1 represented a total plant death,
and 3 was considered average vigor. One week after harvesting, the
numbers of Sweetpotato tubers from each plant were counted and
graded, based on the US Department of Agriculture market grade
standards [20]. Marketable Sweetpotato tubers (at least 3.81cm in
diameter and free of defeats) and culls (roots that exhibited wounds
and other defeats) (Figure 1) were separated and counted, and
their weights were recorded. The cover crops, rapeseed or cereal
rye, and their termination methods by tilling or crimping, were
arranged as a 2x2 factorial combination, in addition to an untreated
control where no cover crops were planted prior to Sweetpotato
transplanting. The total of five treatments were organized in a
randomized complete block design with 3 replications. Individual
plots measured 3mx6m with a 7.6m wide alleyway between blocks.
All data collected were subjected to analysis of variance using SAS
(V 9.4, SAS Institute, Inc, Cary, NC), and significant means were
separated by Fisher’s Protected LSD at P<0.05.

Figure 1: Representative images of marketable sweetpotato (left) or culls (right).

Result and Discussion

Weeds coverage

After transplanting the Sweetpotato slips, weed species that
infested the plots area remained undisturbed intentionally. Major
weed species established included grass weeds dominated by
yellow foxtail (Setaria pumila (Poir.) Roem. & Schult.), and broadleaf
weeds such as Amaranthus spp., clovers (Trifolium spp.), dandelions
(Taraxacum spp.), morning glory (I[pomoea purpurea (L.) Roth),
henbit (Lamium amplexicaule L.), common purslane (Portulaca
oleracea L.), and milkweed (Asclepias syriaca L.). Occurrence of

the weeds in the plots area was significantly influenced by the
interaction between the treatment applied and evaluation date
(Table 1).In July about three weeks after Sweetpotato transplanting,
plots with crimped cover crops, regardless of species, resulted in
13% or greater weed density. In contrast, plots that were tilled,
including the control plots, resulted in 4% or less weed density. In
August, weeds had spread out substantially, and reached 100% in
the control plots where the Sweetpotato plants were barely visible,
indicating a serious shade issue. Plots planted with cover crops
prior to Sweetpotato planting demonstrated significantly less weed
infestation, ranging from 53% to 73% in coverage. Regardless of
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species, cover crops that were tilled into the soil resulted in up to
a 27% reduction in weed density, compared to plots with crimped
cover crops. This result suggested a superior weed suppression by
tillage incorporation of the cover crops. In September or October; all
plots showed 90% or greater weed density, regardless of treatment.
Collectively, these results demonstrated that cover crops can inhibit

weed establishment [21]; however, this effect was confined only to
the early part of the growing season. Compared to plots where cover
crops were crimped, termination of the cereal rye and rapeseed
plants by tilling likely released the allelopathic compounds into the
soil prior to Sweetpotato transplanting, which resulted in a better
inhibition of weed species in the first two months [15,22].

Table 1: Percent weed cover (%) influenced by the interaction of treatment applied and the evaluation timing. Treatments
applied included the combination of cover crop species, cereal rye or rapeseed, and the termination methods, tilled
or crimped, in addition to an untreated control where no cover crops were planted, and the plots were tilled prior to

sweetpotato transplanting.

Tilled Crimped Tilled
Evaluation Date
Cereal Rye Rapeseed Cereal Rye Rapeseed Control
July 1cC* 4bcC 13abC 17aC 2cB
August 57cB 53cB 73bB 73bB 100aA
September 90aA 90aA 95aA 95aA 100aA
October 90aA 90aA 95aA 95aA 100aA

“Means followed by the same lowercase letter within the same row were not significantly different based on the Fisher’s
Protected LSD (P<0.05); Means followed by the same capital letter within the same column were not significantly different

based on Fisher’s Protected LSD (P<0.05).

Sweetpotato plant vigor and yield

After transplanting, the growth of the Sweetpotato plants was
significantly influenced by treatments applied (Figure 2). Regardless
of cover crop species, Sweetpotato plants growing in plots where
cover crops were crimped showed an average or low vigor during
the entire growing season. In contrast, plants that were in plots
where the cover crops were tilled demonstrated the highest plant
vigoratall evaluation timings. Similarly, Sweetpotato plants growing
in the control plots, despite the full coverage of weeds during most
of the growing season (Table 1), displayed little to no reduction
in plant vigor. These results suggested that shade from weeds did

not seriously affect Sweetpotato plant growth. Instead, the method
of termination of cover crops, both with allelopathic properties,
played a significant role in Sweetpotato plant growth. Specifically,
the first tillage that occurred two months before Sweetpotato
transplanting likely released most if not all allelopathic compounds
into the soil before Sweetpotato transplanting. In contrast, the
cover crops likely remained partially alive after mowing in April,
until the crimping that occurred three weeks prior to Sweetpotato
transplanting. This likely resulted in plant residues that continued
releasing the allelopathic compounds, and subsequently caused an
adverse influence on the growth of Sweetpotato slips [23-25].

G
a @ a a a a a a a
5 a a - —
—_ b
i
- 4
15
.E“ b b B July
= 3 b s OA
2 . . ng.
= i b b Osept
1 ma (]
Cereal rye Rapeseed Cereal rye Rapeseed Control
Tilled Tilled Crirmped Crimped Tilled
Treatment combination

Figure 2: Sweetpotato plant vigor (1-5) influenced by treatment applied. Bars labeled with the same letters at
each evaluation timing are not significantly different based on Fishers’ Protected LSD at P<0.05.
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The visual assessment of plant vigor during the production
positively correlated with the Sweetpotato root tuber yield (Figure
3 & 4). None of the Sweetpotato plants in crimped cover crop
plots produced any tubers (Figure 3). In contrast, all other plots
including the controls produced marketable tubers. On average,
each Sweetpotato plant produced approximately six total or one
marketable tubers, which were 1.8 or 3 times the yield of individual
plants growing in the control plots, respectively. It is also interesting
that Sweetpotato plants growing in plots after tilling cereal rye

resulted in 1.5 times tuber yield, compared to plants growing in
plots that had rapeseed. Subsequently, on average, each individual
Sweetpotato plant produced 231 or 173g of Sweetpotato tubers in
plots where cereal rye or rapeseed were tilled, respectively (Figure
4). Although control plots yielded statistically comparable tuber
weight, it was not different from crimped plots where no yield
was detected. This result suggested a highly variable nature in the
control plots where yield was inconsistent and not reliable.
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Figure 3: Sweetpotato total and marketable root tuber counts per plant influenced by treatment applied. Bars
labeled with the same letters for each parameter are not significantly different based on Fishers’ Protected LSD

at P<0.05.
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Figure 4: Sweetpotato marketable root tuber weight (g) per plant influenced by treatment applied. Bars labeled
with the same letters are not significantly different based on Fishers’ Protected LSD at P<0.05.

Summary

Collectively, this case study demonstrated that both cereal
rye and rapeseed can be candidates for cover crops in organic
Sweetpotato production where weed control practices are
minimally implemented. The method of cover crop termination,
however, plays an essential role in successful production. Tilling
the cover crops into the soil suppressed weeds from establishment

during the early growing season, and resulted in dependable and

elevated root tuber yield. In contrast, crimping the cover crops
three weeks prior to the Sweetpotato transplanting led to reduced
Sweetpotato plant vigor and zero tuber yield. Between the two
cover crops, cereal rye appeared to promote tuber production
compared to rapeseed after tillage. Overall, this case report suggests
that tillage incorporation of cover crops, such as cereal rye, could be
integrated in organic Sweetpotato production systems as part of a
weed management practice.
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