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Abstract: Soil chemical properties can be improved by incorporating crop residues in soil and letting
it decompose. This study explored the use of incorporating residues of cover crops for improvements
in soil chemical properties including soil organic matter (SOM), soil pH, and the selected soil
macro- and micronutrients in greenhouse and field trials. Factors of interest included (i) cover
crops and their combinations and (ii) methods of crop termination and incorporation in soil (disc,
mow + disc, glyphosate, roller crimper). The greenhouse trial showed up to a 20% higher amount of
SOM accumulated in soils incorporated with crop residues. Buckwheat (3.12%) and phacelia (3.12%)
produced significantly different and larger SOM than that of the control treatment that received
no crop residues (p < 0.05). The soil pH of the brown mustard treatment was also significantly
affected by the experimental treatments (p < 0.05). The incorporation of crop residues did not affect
soil phosphorous (P) or potassium (K) concentrations, except for brown mustard, with significantly
higher values of P and K than the control treatment. Calcium (Ca) was significantly higher in the
soil of phacelia + pea treatment (p < 0.05). Buckwheat + pea produced a higher concentration of Ca
(1028 mg/kg) followed by buckwheat alone (1006 mg/kg). Analysis of variance (ANOVA) calculated
on the results of the field trial showed that the mix treatment that had a mixture of four cover crops
significantly increased the SOM content. Buckwheat produced the highest (2.95%) SOM, then brown
mustard and timothy. This study concludes that, irrespective of the tillage incorporation methods,
the residues from cover crops are a potential source of improvement in soil health, and this practice
may promote sustainable agriculture in conditions similar to those in this study.

Keywords: cover crops; greenhouse; organic matter; residue incorporation; sustainable agriculture

1. Introduction

Cover crops form a vital bioresource that contributes to improving soil health. Soil
chemical properties including organic matter (SOM), soil pH, and soil macro- and mi-
cronutrients contribute to soil health. SOM is universally recognized as a significant
factor enabling soils to provide critical services in agroecosystems including food and
fiber production and environmental sustainability [1,2]. Additionally, SOM contributes
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markedly to the soil acid-base buffering capacity, determined by soil pH, and represents
an essential source of plant nutrients. The concentration of SOM in agricultural soils is a
function of the type and/or method of the incorporated crop residues and the rate of their
decomposition [3,4].

A potential strategy to address soil health issues is improving soil chemical properties
through planting cover crops with regular field crops [5]. Cover crops reduce nutrient loss
and improve soil conditions. They offer an excellent opportunity to increase the diversity
of crop rotation between the cultivation of major crops [4,5]. Cover crops also help to
reduce the use of herbicides for weed control [6]. The termination and incorporation of
cover crops into the soil is another method of promoting microorganism activities for the
increased decomposition of crop residues, increasing SOM and soil fertility [7].

Haruna et al. [8] studied the effect of cover crop (cereal rye) and crop rotation (maize-
soybean) managed by tillage and no-tillage practices on selected soil chemical properties
and found that the relative change in the percentage of SOM was 8% greater in the cover
crop management compared with no cover crop treatment. They concluded that the
interaction effects of the management practices on the soil chemical properties were difficult
to predict throughout the study. Gattullo et al. [9] assessed the effect of a fescue cover
crop on soil quality, yield, and grape qualitative parameters and reported that cover crops
increased, on average, soil organic carbon, total N, other soil chemical properties. Pokhrel
et al. [10] evaluated the impact of cover crops and poultry litter on selected soil chemical
properties and yield in dryland soybean production system and found no significant effects
of cover crops over the short period of the study.

Potato is the major crop of Prince Edward Island (PEI), Canada. It is an important part
of PEI's economy contributing about 10.8% of its gross domestic product (GDP) with more
than one billion dollars of direct and indirect economic benefits while engaging 12.1% of
the island’s total workforce [11]. Currently, PEI produces approximately 20-25% of the total
potato crop grown in Canada each year [12]. This production could be further increased
through improved soil health that may be sourced from an improvement in SOM [13].

Extensive agricultural activities in PEI including soil plowing, deep tilling, weeding,
and the use of synthetic fertilizers pose a severe threat to the SOM of PEI soils that have
poor (2-3%) SOM and soil health [14]. There has been little research on the potential of
native cover crops to improve SOM and soil health of PEI. Therefore, a research question
arises as to whether the cover crops can improve the health of soils of PEI that have been
degraded with intensive tillage for potato cultivation and other crops. It is hypothesized
that cover crops can play a vital role in improving the health of soils, including the soils of
PEI To answer the research question and test the study hypothesis, this work was designed
to examine the effect of various cover crops on the selected soil health indicators. This
information can be used to inform potato farmers about the top-performing cover crops to
enhance the overall health of their soils.

2. Materials and Methods

This study was carried out in the greenhouse and experimental fields of Agriculture
and Agri-Food Canada (AAFC) at the Harrington research farm, Queens County, PEL This
small rural community of Barkley Beach is in the North of Charlottetown, the capital of
PEI, which is an Atlantic Canadian province, situated in the Gulf of Saint Lawrence and
separated from the other Atlantic provinces. It lies between 46 to 47 °N latitude and 62 to
64 °W longitude. To the South and the West, the Northumberland Strait separates this
island from the mainland provinces of Nova Scotia and New Brunswick. Its climate is
humid, which is strongly influenced by the surrounding seas and their variants throughout
the year. The island winter season is long with a relatively shorter summer season. In
winter, the island receives storms and blizzards originating from the North Atlantic or
the Gulf of Mexico. Springtime temperatures are cool when the ice generally melts in late
April. Summers are moderately warm as the daytime temperature occasionally reaches as
high as 30 °C. The island receives the heaviest rainfall spells of the year in late autumn and
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during early winter. Soils of the study area are deep fine sandy loamy soils, which have
been developed from the land which was originally covered with forest.
This study comprises a greenhouse and a field trial. Details of the two trials are

summarized in Table 1.

Table 1. Information about the greenhouse and field trials.

Major Protocols

Greenhouse Trial

Field Trial

Date

25 February 2018 to 30 April 2019

25 June 2019 to 10 October 2019

Temperature (minimum, maximum,

mean), °C

—20.1,30.8, 5.94

—20.3,29.9,5.97

Total annual precipitation, mm

1149

1101

Environmental conditions

Controlled conditions under a
greenhouse of Agriculture and Agri-Food
Canada’s (AAFC) Charlottetown
Research and Development Centre at
Harrington, PEI Canada.

The uncontrolled natural environment of an
agricultural field of the AAFC Charlottetown
Research and Development center at
Harrington, PEI Canada.

Nature of the trial

Greenhouse trial arranged on a benchtop
where 28 clay pots (14 cm diameter, 20 cm
deep) were placed 1.5 m apart on four

8 m wide and 19 m long wooden benches.

Field trial with forty-eight (48) 4m x 4 m
treatment plots arranged in 16 m wide and
69 m long strips with a 1 m buffer zone
between and around the strips.

Experimental design

Randomized complete block design.

Strip plot design.

Treatments and replications

Four replications of three cover crops and
their three combinations and control

(7 treatments) including T1 (brown
mustard), T2 (buckwheat), T3 (phacelia),
T4 (brown mustard + Pea), T5
(buckwheat + pea), T6 (phacelia + pea),
and T7: control/no cover crop.

Four replications of the four cover crops
treatments including C1 (timothy), C2
(buckwheat), C3 (brown mustard), and C4 (mix
of hairy vetch, annual rye (winter rye), crimson
clover).

Irrigation

Automated irrigation @ 150 mL/day to

No irrigation was provided at all as the crops

each pot. were grown under rainfed conditions.
Lights of photosynthetic photon flux
Light density below 2000 pmol m—2 s~ Natural light conditions.
managed for 16 h/8 h light/dark periods.
Weeﬁimg., disease sympto.m. . Standard practices of weeding, hoeing, disease
monitoring/control, and irrigation o -
Crop husbandry symptom monitoring/control, nutrient

scheduling were under standard
practices.

management.

Methods of residue incorporation

Manual

Four methods of residue incorporation, namely,
M1 (mow + disc), M2 (mow), M3 (roller
crimper), and M4 (glyphosate).

Previous crop and fertilization

No synthetic fertilizer was used.

In 2018 of the cover crop year the previous crop
was potatoes, which received fertilizer by
banding with N rate of 170 kg N ha~! as
17-17-17 Nitrogen-Phosphorus—Potassium
(NPK). In 2019 of the cover crop year, the
previous crop was buckwheat, and no fertility
was applied.

2.1. The Greenhouse Trial

The soil (of sandy loam texture) was collected from the AAFC Harrington research
field and was heat sterilized at 80 °C for 8 h to kill weed seeds, soil insects, plant pathogenic
bacteria, and any organisms present in the soil, before packing in the experimental pots [15].
Three subsamples from a composite sample of the soil were analyzed for the soil’s chemical
properties to be considered as the initial-stage soil health conditions. Pre-cultivation
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benchmarks of soil chemical properties including SOM, soil pH, and concentrations of soil
phosphorous (P), potassium (K), calcium (Ca), copper (Cu), zinc (Zn), and P/ Al ratio were
determined on experimental soil.

Twenty-eight (28) pots were packed with the above soil to replicate seven experimental
treatments (three cover crops and their three mixtures and a control treatment) four times.
The pots were arranged under a randomized complete block design. Seeds of the cover
crops were sown according to the treatment plan at the sowing rates given in Table 2. The
crop husbandry was taken care of until it ripped and was ready for harvesting. At this
stage, the crops were terminated, and their residues were deposited back into the soil to
decompose. After the decomposition of residues (i.e., 10 months after incorporation), 300 g
of soil samples was collected from each experimental pot and analyzed for the selected soil
health indicators.

Table 2. Experimental treatments, names of cover crops, and seed sowing rates (kg/ha) for each of
the seven treatments for Experiment 1.

Treatments Sowing Rate Treatments and Sowing Rate
Cover Crops kg/ha Cover Crops kg/ha
T1: Brown mustard 11.0 T4: Brown mustard + Pea 5.50 +78.5
T2: Buckwheat 45.0 T5: Buckwheat + Pea 22.5+785
T3: Phacelia 10.0 T6: Phacelia + Pea 5.00+78.5
T7: Control/no cover crop N/A

The SOM content was determined using the loss on ignition (LOI) method for which
the laboratory used a muffle furnace (Model 550 Isotemp Series, Fisher Scientific, Pittsburgh,
PA, USA), and the standard procedure was followed [16]. Soil samples were also analyzed
by PEI Analytical Laboratories using the standard methods and protocols [17]. Soil pH was
determined using PC titrate [18], and the soil nutrients, including P, K, Ca, Zn, and P/Al,
were analyzed using inductively coupled plasma optical emission spectroscopy (ICP-OES
6500; Thermo Fisher, Santa Clara, CA, USA) [19].

2.2. The Field Trial

Field trials were conducted on the AAFC Harrington field in PEI as the soils of this
area are suitable for potato cultivation [15]. These are deep fine sandy loam soils, which
have been developed from the land that was initially covered with forest. One of the cover
crops, buckwheat, was selected as the best performer during the greenhouse trial. The other
three crops were the most used cover crops in PEI (Table 1). Each treatment was replicated
four times. This experiment was part of an ongoing research project of AAFC [15]. The four
experimental cover crops were terminated and incorporated into the soil using various
termination methods, i.e., mow + disc, mow, roller crimper, and glyphosate (Table 3).

Table 3. Methods of termination of cover crops and incorporation into the soil for experimental treatments for Experiment 2.

Methods Termination Technique Description of Incorporation and Equipment Used for the Specific Purpose
. Cover crops were mowed with a flail mower and incorporated into the soil with

M1 Mow + Disc .

the help of a tractor-mounted disc plow.
M2 Mow only Cover crops were mowed with a flail mower.

. Roller crimper—front-mounted roller crimper bar (manufactured at Rodale

M3 Roller crimper . - . .

Institute in Pennsylvania) was used for the plowing of cover crops.
M4 Glyphosate Glyphosate applied @ 2.33 L/ha to terminate cover crop into the soil.

A randomized strip plot design was established with four replications. There were
four main plot effects (i.e., four methods of residue incorporation into the soil including
mow + disc, mow;, roller crimper, and glyphosate, applied at the rate of 2.33 L/ha) and
four subplot effects (i.e., three cover crops—namely, timothy; brown mustard; and a mix
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of hairy vetch, crimson, clover, and annual rye—and a control (no incorporation of cover
crops) treatment).

The experimental plots were prepared using disc tillage, which usually follows the
plowing of soil with a disk plow mounted behind a tractor. Additionally, disking breaks up
clods and surface crusts thereby improving soil granulation and surface uniformity. The
seeds of cover crops were planted using plot seeders (Wintersteiger Inc. Ried, Austria).
This instrument is used for seeding in small plots.

The crop termination was achieved at the peak flowering stage of the crops. The
incorporated residues of the terminated cover crops were left in the soil to decompose for
one year. Soil samples were collected from the 0-15 cm layer of each treatment plot, after a
year of residue decomposition, to determine the selected soil health indicators [20].

The field trial year (i.e., 2019) had the highest ambient air temperature (~30 °C) of the
year during the month of July and the driest days of the growing season during July and
August (Figure 1).
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Figure 1. Ambient air temperature (minimum and maximum) and precipitation trends during the
trial season (i.e., June—October 2019).

2.3. Statistical Analysis

Minitab 19 was used to perform the statistical analysis [21]. The analysis of variance
(ANOVA) was performed to test the significance of experimental treatments on soil health
indicators. The data of the greenhouse trial were tested for mean significant differences
using Tukey’s method. Various assumptions, including normality test, constant variance,
and independence of the error, were tested at a 95% confidence interval. The error terms’
normal distributions were verified using the Anderson-Darling test at a 95% confidence
interval. Constant variance assumption was checked using residuals versus fitted value
plots. The independence assumption was verified by applying all the treatments in a
random order to the experimental units. Statistical means were considered significantly
different at p < 0.05. Fisher’s Least Significant Difference (LSD) was performed on data of
field trials to separate means of significant difference.
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3. Results
3.1. The Greenhouse Trial

Pre-cultivation benchmarks of the soil chemical properties including SOM, soil pH,
and concentration of soil P, K, Ca, Cu, Zn, and P/ Al ratio are presented in Table 4.

Table 4. Summary statistics of the pre-sowing soil health parameters of soil used in the greenhouse
and field trials.

Greenhouse Trial Field Trial
Soil Properties

Mean + S.D.1  Min-Max Mean £ S.D. Min-Max

Soil organic matter, % 2.32 +0.31 2.20-3.40 2.71 £0.22 2.20-3.00
Phosphorus, mg/kg 2 366 = 41.5 289-399 260 £21.2 233-305
Potassium, mg/kg 196 + 53.1 100-289 182 +25.1 116-269
pH 6.62 = 0.30 5.80-7.00 6.60 £+ 0.26 6.00-6.90
Calcium, mg/kg 1007 + 194 823-1400 960 +11.9 725-1149
Copper, mg/kg 0.99 +0.24 0.70-1.60 0.47 +£0.19 0.14-0.66
Zinc, mg/kg 1.66 +0.70 1.00-4.80 091 +047 0.60-1.80
P/Al3 104 £ 1.10 7.87-12.0 8.20 +1.11 5.80-9.90

! Standard deviation, 2 milligram per kilogram, ® phosphorus/aluminum ratio.

The average percentage of SOM before planting the cover crops was 2.320%, which
was not as high as required for optimum potato cultivation, e.g., >3.5%, which enhances
the soil’s ability to mineralize nitrogen, which is an asset for potato cultivation [22]. Soil pH
ranged from 5.8 to 7.0 with an average of 6.31, close to the range of pH of healthy soil [23].

Buckwheat and phacelia produced a larger percentage of SOM (3.12% each) than the
other treatments and were significantly different from the control treatment (Table 5). This
was approximately a 25% increase in SOM from the benchmark SOM of soil used in the
greenhouse trial (2.32%). Tukey’s mean separation results indicated that SOM produced
in the soil by all cover crops was significantly different from the control treatment that
produced a significantly lower SOM (2.32%) across all the seven treatments (p < 0.05).

Table 5. The post-experiment analysis of variance (ANOVA) generated mean values of concentration of soil health indicators

accompanied by standard deviation and Tukey’s mean separation least significant difference (LSD) letters (i.e., A, B, C, etc.)
for the greenhouse experiment. The means labeled with different LSD letters are significantly different from one another. A
non-significant effect of experimental treatments on soil health indicators is labeled as NS.

Buckwheat Phacelia Brown Buckwheat + Phacelia + Pea Control
Mustard + Pea Pea

Soil Brown
Properties Mustard
Soil orgaiuc 3.07 A4 0.20
matter, %
pH 6.82 4+ 0.10
Phosphorous, 372 NS4 515
mg/kg
Potassium, 186 NS+ 56.9
mg/kg
Calcium, 964 A 236
mg/kg
Copper, 110 4B+ 0.19
mg/kg
Zinc, mg/kg 240 NS+ 150
P/All 112N+ 1.14

3.12440.20 3.12 44 0.20 3.00 4+ 0.10 3.02 44 0.20 3.02440.10 23284 0.10
6.80 2B+ 0.30 6.77 AB+ 0.30 6.75 2B+ 0.08 6.52 2B+ (.10 6.35 2B+ 0.20 6.30 B+ 0.20
366 NS+ 415 366 NS+ 432 366 NS+ 48.7 367 NS+ 43.1 356 NS+ 45.8 368 NS+ 525

202 NS+ 64.3 230 NS+ 72 180 NS+ 48.2 184 NS+ 47.3 201 NS+ 67.8 189 NS+ 353
1003 AB+ 219 981 B+ 188 9658+ 214 974 B4 193 1028 B+ 249 1133 B+ 161
1.13 4B+ 0.35 0.80 AB+ 0.08 1.30 A+ 0.2 1.30 44 0.2 0.93 4B+ 0.93 0.78 B+ 0.02

1.30 NS+ 0.20 1.50 NS+ 0.40 1.30 NS+ 0.10 1.80 NS+ 0.08 1.80 NS+ 0.30 1.30 NS+ 0.20
10.9 NS+ 0.80 10.8 NS+ 1.00 10.1 N5+ 1.0 9.90NS+ 1.0 9.30 NS+ 1.00 10.5 NS+ 1.30

! phosphorus/aluminum ratio. Note: Means that do not share a letter are significantly different. Underlined values are large and
significantly different from those represented by different letters in the sequence A > B > C or combinations of these letters.
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There was a significant effect of experimental treatments on soil pH (p < 0.05). The
incorporation of biomass of brown mustard resulted in the highest soil pH (6.82) and
was significantly different from the control treatment (Table 5). However, the pot soil
pH of buckwheat, phacelia, and other cover crops (i.e., phacelia + pea, brown mustard +
pea, and buckwheat + pea) was also not significantly different from the control. Calcium
concentration in pot soil also had a significant impact of brown mustard that produced
higher Ca than the control treatment (p < 0.05). Additionally, the Cu concentration in
the potting soil was significantly affected by the two mixed experimental treatments (i.e.,
brown mustard + pea and buckwheat + pea produced the highest concentration of Cu
(1.30 mg/kg each), which was significantly different from the control treatment (p < 0.05)).

3.2. The Field Trial

Summary statistics for pre- and post-experimental conditions of the selected soil
health indicators are presented in Table 2 (pre-sowing status) and Table 6 (post-harvest
status), respectively. The average percentage of SOM present in the soil before planting
the cover crops was 2.71 £ 0.22% (Table 2), which increased by 0.07% after the end of the
field trial approaching 2.92 £ 0.14% (Table 6). There was a non-significant increase in SOM
under the effect of the termination method (tillage) and its interaction with crop type but a
significant effect of cover crop type (p < 0.05).

Table 6. Summary statistics and probability of significance (p-values), calculated from analysis of
variance, of the soil health indicators measured after the end of the field trial.

Soil Health Indicators Post-Harvest Values p-Values for Treatments and Interactions
Mean £ S.D. ! Range Tillage Crop Tillage x Crop

Soil organic matter, % 2.92 £0.14 2.70-3.30 0.473 NS 0.015* 0.572 NS
pH 6.66 £ 0.26 6.00~7.00 0.971 NS 0.211 NS 0.896 NS
Phosphorus, mg/kg 2 273 £22.2 234 -315 0.832 NS 0.029 * 0.205 NS
Potassium, mg/kg 195 £ 25.7 158-291 0.654 NS 0.016 * 0.633 NS
Calcium, mg/kg 1016 + 94.1 748-1189 0.795 NS 0.049 * 0.281 NS
Copper, mg/kg 0.50 £ 0.21 0.10-0.90 0.386 NS 0.117 NS 0.699 NS
Zinc, mg/kg 0.95 + 0.37 0.10-1.80 0.726 NS 0.217 NS 0.094 NS
P/Al3 8.15+1.10 5.76-10.1 0.234 NS 0.741 N8 0.004 NS

1 Standard deviation, 2 milligram per kilogram, 3 phosphorus/aluminum ratio, 4 significant effects of experimental
treatments or their interactions are considered for p < 0.05, * significant, N® non-significant.

The highest percentage of SOM content produced by the mixed cover crop was 3.01%,
i.e., the C4 treatment with mixed residues of hairy vetch, annual rye, and crimson clover.
Buckwheat (2.96%) and brown mustard (2.88%) treatments (treatments C2 and C3) had the
second and the third largest quantities of SOM, respectively. The incorporation of timothy
residues produced the lowest SOM content, which was significantly different from the
mix cover crop (p < 0.05). The interaction effect of methods of residue incorporation (i.e.,
tillage) and cover crop types was also non-significant across all treatments. In addition to
SOM, a significant effect of cover crop type was also recorded from concentrations of P, K,
and Ca (p < 0.05), as their values increased by 4.76, 6.67, and 5.51%, respectively (Figure 2).
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Figure 2. Multiple mean comparisons and standard error bars of (a) soil organic matter, (b) phosphate, (c) potash, and (d)

calcium concentration in soils of treatments C1 (timothy), C2 (buckwheat), C3 (brown mustard), and C4 (mix (hairy vetch,

annual rye, and crimson clover) using Fisher’s least significance difference (LSD) method. Treatments labeled with the same

or combination of LSD letters (a, b, ¢) are not significantly different from one another. Treatment means sharing labels with

different LSD letters that are significantly different from one another.

The highest and the lowest concentrations of P were produced by mixed cover crops
(C4 treatment) and buckwheat, respectively, with a significant difference between the two
(Figure 2b). The Ca concentration in the experimental soil also experienced a significant
effect of incorporating cover crops (p < 0.05). The concentration of Ca was the highest
for the mixed cover crop treatment (C4) and the lowest for the buckwheat, and they were
significantly different from each other (Figure 2c). Likewise, there was a significant effect
of cover crop treatments on the soil concentration of K where brown mustard produced a
higher concentration of K than the other cover crops and was significantly different from
the buckwheat (p < 0.05; Figure 2d).

The ANOVA results revealed that the main effect of the interaction between cover
crops and the residue incorporation methods was non-significant for all cover crop treat-
ments (p > 0.05; Table 6). However, the combination of incorporation methods with cover
crops (i.e., glyphosate-brown mustard) in soil produced the highest percentage of P/ Al
among all treatments (Table 7). Furthermore, the interaction effects of mow-disk-timothy
and mow-brown mustard produced a higher percentage of P/Al than the rest of the
combinations of types of cover crop and methods of residue incorporation. The residue
incorporation combination roller crimper—brown mustard produced the lowest and most
significantly different percentage of P/ Al in the experimental plot (p < 0.05; Table 7).
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Table 7. Multiple mean comparisons of P/Al (%) produced by the different cover crops and their
incorporation methods using Fisher’s least significant difference (LSD) method.

Tillage x Crops Mean!SD Letters Tillage x Crops Mean!SD Letters

Glyphosate brown mustard 9.282 Mow mix 8.33 abe
Mow disk timothy 9.18% Mow buckwheat 8.28 abe
Mow brown mustard 9.032 Glyphosate buckwheat 8.14 abe

Mow disk mix 8.74 2b Mow timothy 7.83 abed

Mow disk brown mustard 8.54 abe Roller crimper mix 7.37 bed
Roller crimper timothy 8.43 abc Mow disk buckwheat 7.17 <d
Roller crimper buckwheat 8.42 abe Glyphosate timothy 6.62 4
Glyphosate mix 8.39 abe Roller crimper brown mustard 6.60 4

The means that do not share the same LSD letter (a, b, ¢, or d) are significantly different from one another.

4. Discussion

Cover crop treatments significantly influenced SOM in greenhouse and field trials.
These findings are in concurrence with the literature, which indicates that crop residue
incorporation is the primary method for improving SOM. For example, Ding et al. [24]
reported that organic carbon content, which is derived from SOM, was the highest in a
cover crop system and the lowest in soil with no cover crops. Ramos et al. [25] suggested
that cover crops improve soil quality by increasing SOM and improving the soil’s chemical
and physical fertility. They indicated that there was a significant increase in SOM in all
ground cover crop plots they used in their experiments. They further reported that cover
crops helped to build SOM and improved water retention. The presence of SOM has
physical, chemical, and biological benefits to the soil. Usually, the ideal SOM content
for productive soils is 3-6%, and such fertile soils tend to produce more food. There is
less deterioration and loss of nutrients when the ideal amount of SOM is present in field
soils [26].

The interaction effects of experimental treatments are usually significant when both
or one of the two treatments in interaction have a highly significant effect on response
variables. None of the studied response variables had an interaction effect on the crop
type or method of residue incorporation (tillage) in the field trials. Nascent et al. [27]
evaluated the interactions effects of cover crops and tillage systems on SOM, soil nitrogen,
and soil carbon, and concluded that cover crops and no-tillage systems increased the
soil carbon, calculated from SOM, and soil nitrogen. They also found a change in total
SOM in treatments of their two-year study. Cover crops have long been recognized to
play an essential role in sustainable agriculture due to their functions in improving soil
productivity, suppressing weeds, and preventing soil erosion [24]. De Souza et al. [28]
suggested that cover crops become an excellent management option in sandy loam soils. It
is worth mentioning here that the soils used in both greenhouse and field trials were sandy
loam soils.

Phosphorus binds itself with an active form of aluminum (Al) and iron (Fe) in the soil,
which make it available to the plant. Aluminum provides P availability and increases its
fixation in the soil [29,30]. Obi [31] reported relative increases of 26 and 112% in SOM and
P levels with cover crops, and a significant increase in the Ca levels in the soil cultivated
with cover crops. Wissem et al. [32] concluded that rotations of cover crops increased the
total P and some labile P pools in the surface of the soil as compared with fallow rotation.
However, they reported a positive effect of crop rotation on crop biomass. Fageria et al. [33]
reported that cover crops possess a strong ability to absorb low-availability nutrients
in the soil profile and can help in increasing the concentration of plant nutrients in the
surface layers. Hallama et al. [34] evaluated the possibility of P redistribution into the soil
under no-tillage by using cover crops in rotation and found that cover crops increased the
availability of P to the soil. Phosphorus fixation is the indication of the low availability of P
in the soil, and this happens when P binds itself to iron, or the Al fixes itself in soil [35].
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The risk of P loss increases due to its degree of saturation, and in this process, P fixes itself
to Al in most of the tilled agricultural soils [36].

As with SOM, the soil pH is not a quickly changeable soil property, and it takes
years for a significant change to occur [37]. However, it was observed that only the
brown mustard treatment has a significantly greater soil pH than the control treatment.
This may be a temporary change in soil pH as the rest of the treatments did not have a
significant difference in their pH levels in the greenhouse trial. The ideal soil pH for potato
production is between 7 and 9 [38]. Below and above this range, the soils are considered
acidic and alkaline, respectively, resulting in adverse impacts on soil productivity and the
unavailability of essential nutrients in soils for plant uptake [39].

Calcium contributes to the mitigation of heat stress in potatoes [40]. Groffman et al. [41]
studied the Ca cycle in the agroecosystem with winter legumes and concluded that the
winter cover crops helped to reduce soil erosion and nutrient leaching and in N fixation
in soil by keeping nutrients available to the summer crops. They suggested that winter
cover crops have a double benefit in that they fix nitrogen and keep nutrients circulating in
the soil and plants. Calcium is a macronutrient and plays a vital role in the potato crop. It
helps in the functioning of the potato plant and its structure development [38]. A study
indicates that Ca saves the potato crop from different environmental stresses by encoding
the appropriate patterns of its genes [42]. The deficiency of P and the toxicity of Al are
among the main threats to crop production in acidic soils [43]. An adequate concentration
of P is, therefore, added in acidic soils to mitigate Al toxicity.

5. Conclusions

As hypothesized, the cover crops had affected soil health indicators, i.e., the chemical
properties of soil of PEL The augmentation of SOM was greatly influenced by adding cover
crops into the soil, which is suspected to be a short-term temporary change. Mixtures of
different cover crops added more SOM as compared to others. Other than SOM, other
soil nutrients, such as P, K, and Ca, were significantly influenced by cover crops. This
means that incorporating residues of cover crops can add P, K, and Ca into the soil for
plant uptake. A longer duration experiment is needed to monitor the long-term effect
of incorporating cover crop residue on SOM and soil pH. A limitation of this study is
that it could not monitor the decomposition rates of the selected crop residues. This is
important to do in future investigations. However, the results of this study may be used to
formulate the best agricultural management practices to promote sustainable agriculture
that is economically viable and environmentally friendly.
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