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Abstract: Soil fertility in Ghana continues to decline due to the overdependency on farm machinery to
till the land coupled with the continuous application of mineral fertilizer, which has a resultant effect
on agricultural non-point source (AgNPS) pollution. A two-year field experiment was conducted
to evaluate the effects of different tillage methods on soil properties, nitrogen loss reduction and
rice productivity of a gleysol, developed over granite. Five tillage methods—namely, zero tillage
direct seeding (ZTDS), zero tillage transplanting (ZTTS), reduced tillage direct seeding (RTDS),
reduced tillage transplanting (RTTS), and conventional tillage (CT)—were studied in a Randomized
Complete Block Design (RCBD) with three replicates. After two cropping seasons, soil bulk density
was in the order of (ZTTS = ZTDS) > RTDS > RTTS > CT. ZTDS and ZTTS were associated with
significantly higher levels of nutrients in the top soil (0–20 cm) as compared with the rest of the
treatments. Plant height was in the order of CT > RTTS = ZTTS > RTDS > ZTDS. The highest grain
yield was recorded by both CT and ZTTS significantly different from the rest of the treatments.
ZTDS recorded the highest stover yield for both years. Subsequently, CT was associated with high
release of potential pollutant loads which could lead to AgNPS pollution, as is evident from the
high nutrient loss. Considering the high nutrient concentration at 0–20 cm, the reduced nutrient
movement and the corresponding yield improvement, ZTDS and ZTTS are recommended for farmers
in Ghana to ensure sustainable rice production, reduce AgNPS pollutant movement and ultimately
provide an eco-protective and friendly environment for sustainable rice production.

Keywords: conservation tillage; conventional tillage; environmental pollution; soil properties;
nitrogen loss; rice yield

1. Introduction

Rice plays a critical role in contributing to food security, income generation, poverty alleviation
and socioeconomic growth in Ghana [1]. Between the years of 2000 and 2010, hectares of land under
rice cultivation increased from 0.09 to 0.16 million hectares, while productivity fluctuated between 1.7
to 2.7 tons per hectare [2].

The production of rice in Ghana relies on the use of farm machinery and increased usage of
inorganic fertilizers [1]. Also, Ghana is an example of a country with land dynamics suitable for
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mechanization, with the rapidly increasing farm sizes in recent years leading to medium-scale farmers
(5–100 ha) cultivating the largest share of national cropland [3]. Results from the 2013 IFPRI/SARI
survey of medium-to-large farmers in Northern Ghana, showed that over half of tractor owners
cited land expansion as the primary motivation for their investment [4]. From the year 2000 to
2010, the Government of Ghana, under the Japanese Grant Assistance, 2KR-programme, imported
several agricultural machines yearly to enable farmers to have access to modernized agriculture [5].
Conventional tillage (CT) involving the use of farm machinery generally involves ploughing and
intensive soil disturbance. This type of tillage has been recognized as the major driver of soil degradation
through the depletion of soil organic matter and associated nutrient loss [6]. Moreover, continuous soil
dilapidation and productivity decline are as a result of unsuitable land use and management practices
that caused decline in soil organic matter (SOM), soil erosion by running water and other nutrient
losses [7]. Also, extreme use of farm inputs for nutrients from manure and commercial fertilizers serve
as the principal pollutants from agricultural activities [8,9].

Improvement in soil value and prolonged crop yield could be attained by ensuring proper
soil management practices [10], including conservational tillage. Conservation agriculture (CA) is
considered to be a technology that is friendly to the environment due to its positive effect on soil and
water conservation, environmental health, and economic viability [11]. The true benefit of CA will,
to a great extent, depend on specific practices, regional climatic dynamics and the type of cropping
systems in place [12].

Much tillage research work has been carried out in Ghana, but very little work has been done
specifically on the effect of conservation tillage, ZTDS rice on soil properties, and nutrient loss, or on
the effect of such tillage methods on rice productivity. This study was therefore conducted (i) to
characterize the effect of ZTDS rice on soil properties, nutrient movement and distribution along the
soil profile, (ii) to investigate the effect of such tillage methods on nitrogen loss, and (iii) to evaluate
rice (Oryza sativa) growth and yield parameters in order to provide scientific support for emerging and
evidence-based rice soil management and productivity support strategies that would help achieve
global food security.

2. Materials and methods

2.1. Plant Material and Growing Conditions

An aromatic rice (Jasmine) with a maturity period of 114 days and extensively cultivated in Ghana
was planted at the Central Agricultural Station (6◦40’25.6” N, 1◦40’40.3” W) located at Kwadaso in the
Ashanti region of Ghana. The study was conducted on an experimental field established five years
ago. The area falls under the forest agro-ecological zone, characterized by two growing seasons; a
major rainy season and a minor rainy season. The month of August experiences a short dry spell.
Temperature varies between 26 ◦C and 34 ◦C. The area is also scattered with shrubs and a few trees
which normally shed their leaves during the dry season (October–March). The monthly rainfall and
average temperature values are shown in Figure 1.
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Figure 1. (a) Monthly variation of rainfall; and (b) monthly variation in temperature.

2.2. Experimental Conditions

Five treatments made up of four conservation tillage methods and one CT method were used for
the study. The experimental plots had been under cultivation for the previous five years. The treatment
descriptions are: zero tillage direct seeding (ZTDS); zero tillage transplanting (ZTTS); reduced tillage
direct seeding (RTDS); reduced tillage transplanting (RTTS) and CT. The treatments were arranged in
RCBD in triplicate. The treatment sites were divided into three main blocks using bunds (about 100 cm)
to represent three replications. Each block was further divided into five (5) main plots. The dimensions
of each plot were 10 × 40 m (length ×width) = 400 m2. ZTDS plots were sprayed with non-selective
weedicide (Gylphosate). Dry rice seeds with a density of 55 kg·ha-1 were hill-seeded by hand at a
spacing of 20 × 20 cm and covered with loose soil. Each hill was planted with 2–4 seeds. ZTTS plots
were prepared similar to ZTDS above. Ten (10)-day-old seedlings were hill-transplanted manually at
a spacing of 20 × 20 cm. RTDS plots were rotovated once at the depth of 8-10 cm using power tiller.
Seeding was done similar to ZTDS on the 28 May, 2016–2017 and immediately covered with loose soil.
Each hill was planted with 2–4 seeds. This was followed by flooding and the field kept moist but not
saturated to avoid seed rot for about two weeks. RTTS plots were rotovated once at the depth of 8 cm
using power tiller. One-time puddling was done before planting. Seeding was also done similar to
ZTTS. CT plots were rotovated at the depth of 20 cm with power tiller followed by hill transplanting of
10 days old rice seedlings at two per stand (hill).

In all the conservation tillage treatment plots, organic fertilizer obtained from decomposed rice
straw was applied at the rate 15 t·ha−1, in late April each year. After planting, the plots were managed
using a typical flooding-drainage water regime throughout the entire rice growing season. Rice fields
were submerged under water at a depth of approximately 3–5 cm for about a month, drained dry
during mid-season aeration for about one week. Intermittent irrigation was carried out when necessary.
Mineral fertilizer was also applied at the rate of 90 kg·N·ha−1, 60 kg·P2O5·ha−1 and 60 kg·K2O·ha−1 to
all treatment plots. All P and K and 50% N were applied three weeks after seeding on the ZTDS plots
and immediately after transplanting on the ZTTS, RTTS and the CT plots. The remaining 50% N was
applied at panicle initiation stage for all treatments. Direct seeding and transplanting were all done
manually by hand. Crop protection (weed and disease control) was carried out when necessary with
the use of glyphosate (Isopropylamine salt). After planting, all treatments plots were managed using a
typical flooding-drainage water regime throughout the entire rice growing season.

2.3. Soil Sampling and Analysis

A total of 75 sampling points were selected from the five treatment sites, with each plot sampled
five times at incremental soil depths of 0–20, 20–40, 40–60, 60–80, 80–100 cm with the help of soil
auger. Soil samples were collected after treatment application (January each year), during the rice



Agronomy 2019, 9, 641 4 of 13

active growth stage (April, each year) and at harvest (August each year) for the 2016/2017 growing
seasons, respectively. Augured soil samples were air dried for 4–5 days, and sieved into various sizes
of 2 mm, 1 mm and 0.15 mm for laboratory analysis. The basic physical and chemical properties were
determined using standard methods. Undisturbed soil samples were used to determine soil bulk
density using the core method [13]. Soil pH was measured using a glass electrode (pH meter) in a soil
to water ratio of 1:2.5 [14]. Soil alkaline-nitrogen (AN) was determined using the alkaline hydrolysis
diffusion method [15]. Total nitrogen (TN) was determined by the macro-Kjeldahl wet oxidation
method [16]. Soil total organic carbon (TOC) was estimated using the potassium dichromate volumetric
method [17]. Exchangeable K was determined using flame photometry [18]. Available phosphorous
(AP) was determined by the Olsen method [19]. Nitrate (NO3

−-N) and Ammonium (NH4
+-N) were

extracted using KCl [20], and determined by detection using a Skalar flow injection analyzer (SA 5000).
Initial soil physical and chemical properties of the experimental site are shown in Table 1.

Table 1. General soil properties of the experimental site (0–20 cm) before initiation of the experiment
in 2016.

Bulk Density (g·cm−3) 1.56

pH 6.99
TOC (g·kg−1) 45.35
TN (g·kg−1) 1.73
TP (g·kg−1) 1.19

AN (mg·kg−1) 10.83
Exchangeable K (mg·kg−1) 65.47

NO3
−-N (mg·kg−1) 25.56

NH4
+-N (mg·kg−1) 60.10

2.4. Monitoring of Runoff N Loss

Computation of N input losses in runoff water (mg·kg−1) and TN runoff loss (Kg·N·ha−1) were
carried out in 2016–2017. A rain gauge was mounted at the experimental site. A metal plate measuring
about 100 mm by 2 mm was driven vertically 30 mm into the soil along the outer limits of each plot
parallel to the slope to direct runoff water into a three hundred-liter storage container (see Figure 2).
The amount of water from each rainfall event captured by the rain gauge was deducted from the
amount of water in the uncovered storage tank. This was done before calculating the volume of runoff

generated from each treatment plot. After every rainfall event, runoff water collected in the storage
tanks were mix carefully and a 500 mL sample collected, stored at a temperature of 4 ◦C before filtering
within a 24-h period. Filtrates as well as runoff water were analyzed for TN.

Figure 2. Installation of runoff collection system for monitoring N losses.

2.5. Growth and Yield Parameters of Rice

Growth and yield parameters such as plant height, stover yield, and grain yield of rice were
measured at maturity by demarcating an area of 2 m2 on each treatment plot and yield per
hectare estimated.
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2.6. Data Analysis

In the present study, all experiments were conducted in triplicate. The data presented in figures
and tables are the arithmetic mean values of the triplicate measurements. Data on soil physical and
chemical properties, as well as N loss, were analyzed using SPSS version 23.

3. Results and Discussion

3.1. Effect of Tillage Methods on Soil Properties

The distribution of bulk density (0–20 cm) at the end of the study is shown in Figure 3a. Bulk density
generally decreased under the conservation tillage techniques. The soil bulk density of the different
conservation tillage treatments did not differ significantly when soil monitoring was performed in
January–April, 2016. Significantly, lower bulk density of 1.32, 1.48 and 1.45 was recorded by CT at
the beginning of the experiment in January, April and July 2016. RTDS, RTTS, ZTDS and ZTTS all
recorded a bulk density of 1.43, 1.42, 1.47 and 1.48 g.cm−3, respectively. At the end of the study in
July, 2017, the average highest soil bulk density was recorded by CT (1.39 g.cm−3). The results of this
study reveal that soil bulk densities for all of the conservation tillage techniques were significantly
higher than CT (Figure 3a) at the beginning of the experiment. However, at the end of the experiment
in July, 2017, CT recorded the highest soil bulk density, which was significantly different from the
rest of the treatments. The lower bulk density recorded by conservation tillage methods, especially
ZTDS and ZTTS, at the end of the study in 2017 was a result of good interaction between the soil and
the decomposed rice straw. This has the potential to enhance microbial growth with the resultant
effect on the slow breakdown of organic materials to release soil organic carbon (SOC) within the soil.
Similar results have been produced by other researchers. For example, it is widely acknowledged
that the physical properties of the soil required for adequate crop improvement are enhanced by the
accumulation of OM in the soil [21,22]. Boosting soil organic carbon (SOC) availability in the soil will
reduce bulk density, improve water holding capacity and enhance soil aggregate stability (AS) [23].
Results from a two-year study in selected areas in Northern Ghana showed an enhanced biomass
accumulation and productivity of soils with adequate N and P fertilization and moisture retention
in CA fields compared to non-CA fields [24]. Moreover, conservation measures lasting several years
could reduce bulk density and aggregate stability of the soil through increase in SOM and adoption of
cover crops [25]. According to [26], soil bulk density in the top soil experiences a decline resulting
from the practice of zero tillage cropping. Soil properties are positively enhanced due to the yearly
retention of crop residues [27]. Additionally, suitable bulk density (1.2–1.3 g·cm−3) is appropriate for
the absorption of water and nutrients for plant growth [20], with bulk density having the propensity
to highlight soil compaction. The low bulk density initially recorded by CT was as a result of the
destruction caused by the physical breakdown of soil structure by the power tiller. This leads to an
increase in soil macropore spaces resulting in lower bulk density and high porosity. However, with
time, densification of soil associated with environment factors such as wetting and drying could lead
to a high bulk density under CT. This could be the reason for the significant increase in bulk density at
the end of the study in July, 2017.
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Figure 3. Effect of tillage methods on (a) soil bulk density; (b) soil pH for 2016 and 2017.

The highest soil pH at the end of the study period was recorded by CT with a two-year average of
6.92 (Neutral). This was significantly (p ≤ 0.05) different compared to the slightly acidic (pH = 6.50)
recorded under all the conservation tillage technologies (Figure 3b). However, the lowest soil pH
at the end of the two-year study in the month of July, 2017 was recorded by ZTDS, with pH = 6.33,
indicating slight acidity. Results from the experiment showed that all conservation tillage methods
recorded a reduction in soil pH (Figure 3b). The reduction in pH was a result of the reduced water
movement, which encouraged the retention of nutrients and hydrogen ions from decomposed rice
straw and the mineralization of inorganic fertilizer. The high presence of hydrogen ions causes the soil
to become acidic. This can be explained by other studies that have also recorded acidification in the
soil profile of conservation tillage. [28], asserted that many years of using N-containing fertilizers such
as ammonium or related organic forms of N leads to nitrification, releasing H+ that causes a deficit
in basic cations. Additionally, due to the eluviation of rainfall and irrigation, some hydrogen (H+)
substances were leached from the A layer into the subsoil, which subsequently caused the decrease in
the pH of soils under conservation tillage. Furthermore, production enhances humus formation with a
resultant increase in H+ ions [29].

Results from the study also show that TOC, AP, TP and AN all increased significantly under ZTDS
and ZTTS compared to the rest of the treatments (Figure 4). Only AP and AN showed no significant
difference in the first year the study was conducted. However, significant differences among the
treatments were recorded in 2017 for TN, AN and NH4

+-N, with ZTDS recording the highest values
compared to the rest of the treatments. Generally, all the conservation tillage methods performed better
in terms of increasing soil nutrients at the 0–20 cm soil depth compared to CT. All soil TOC, AN, AP
and TP at the depth of 0–20 cm for all the treatments increased, even though higher concentrations
were recorded under conservation tillage technologies. Higher levels of nutrients were recorded under
ZTDS and ZTTS, which promoted rice growth and led to higher straw yields in the second year of
implementation of conservation tillage (Figure 4). Enhanced SOC accumulation after production has
been reported in different areas in China [30]. In the past 20 years, many cultivable soils have revealed
an increase in SOC and total nitrogen [27]. Residue retention coupled with their breakdown had
a positive effect on SOC content in the soil layer [31]. Moreover, combining retained residue with
different tillage methods increased SOC levels, water stable aggregates and microbial biomass, and
subsequently enhanced soil fertility and quality [32]. Similarly, our results showed a gradual but
consistent increase in TOC accumulation under the conservation tillage methods during the two years
of this study. The high nutrients levels among the conservation tillage methods at the soil depth of
0–20 cm could be as a result of the additional nutrients realized from the mineralization of rice straw
coupled with the application of inorganic fertilizer. The presence of adequate organic manure also
helped retain the inorganic fertilizer for efficient utilization by the crop. The improved amounts of
TN, as well as N, P, and K in their available forms could be related to the availability of soil surface
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residues, creating the right environmental conditions for soil microbial activity and the mineralization
of SOM. The changes in the soil properties were mainly attributable to the management of activities
such as rice straw incorporation and fertilizer application, a conclusion which was further evidenced
from the rice yield.

Figure 4. Effect of tillage on selected nutrients in the top soil (0–20 cm). Note: (a) TOC; (b) AN; (c) AP;
(d) TP and (e) AK.

3.2. Effect of Tillage Methods on Soil Nutrient Movement and TN Loss

The results showed that there were high concentrations of soil inorganic nitrogen (TN, NO3
−-N

and NH4
+-N) in the top soil at depths of 0–20 cm (Figure 5). Even though, no significant difference
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in TN was recorded among the treatments, ZTDS and ZTTS recorded values higher than the rest
of the treatments (Figure 5). Similarly, all the conservation tillage methods increased in NO3

−-N
and NH4

+-N, with ZTDS and ZTTS recording significant increase over CT. Interestingly, as the soil
depth increases, the concentration of these nutrients under the ZTDS and the rest of the conservation
tillage methods decreases relative to CT, which showed continuous and persistent increase as the soil
depth increases. At the highest soil depth (80–100 cm), CT recorded high levels of TN, NH4

+-N and
NO3

−-N with 1.74 g kg−1, 66.89 g kg−1 and 25.12 g kg−1, respectively. The percentage increases in TN,
NH4

+-N and NO3
−-N by CT over the rest of the conservation tillage methods were 19.18, 28.86 and

104.04%, respectively. The distribution of soil nutrients was generally high in the top soil, with high
and significant values recorded under the conservation tillage methods, especially ZTDS and ZTTS
(Figure 5). This was probably a result of the protective role played by the rice straw to the top soil.
This allows for the gradual decomposition of the rice straw, allowing nutrients to incorporate well
within the top soil, and also allowing nutrients from the inorganic fertilizer to be retained in the top
soil. Also, the rice straw played a significant role in the hydrological dynamics of the ZTDS and ZTTS
as a result of the creation of a gradual stable aggregate structure that contributed to the high nutrient
levels under the two conservation tillage plots relative to CT. On the other hand, using farm machinery
under CT, RTDS and RTTS to break and thoroughly mix rice straw with the soil at the depth of 0–20 cm
and 0–8 cm makes the soil vulnerable to agents of erosion, as well as speeding up the mineralization
of rice straw when temperature and other environmental factors become favorable. Similarly, other
investigators have concluded that soil and nutrient losses could be adequately reduced by practicing
cultivation methods that ensure adequate protection of the soil [33]. However, as the soil depth
increases, the concentration of these nutrients decreased under the conservation tillage techniques but
increased under the CT. Also, the inversion of soil under the CT not only exposed the rice straw to
microbial decomposers at the 20 cm soil depth, leading to a high rate of nitrogen mineralization, but
also creates aggregate instability that encourages a high rate of infiltration, with a resultant increase in
nitrogen leaching. At the relatively deeper soil depth (80–100 cm), highly significant levels of these
nutrients were recorded under CT, signifying huge movement down the profile. These results indicate
that conservation tillage has the tendency to reduce water movement and erosion. Similarly, previous
studies have reported that conservation tillage methods considerably minimized the movement of
water and soil erosion [34,35].

The lowest measurements of runoff (mm), concentration of TN in runoff water and TN runoff

loss (kg·N·ha−1) recorded under ZTDS (g·kg−1) were 177.35mm, 0.98 (mg·L−1) and 2.69, respectively,
with all of these being significantly different from the rest of the treatments except for ZTTS (Table 2).
Higher values, significantly different from all the conservation tillage methods, were recorded under
CT (Table 2). This clearly shows the potential of CT to contribute to AgNPS pollution. At the end of the
study, CT recorded the highest runoff (300 mm), high concentration of TN in runoff water (1.68 mg·L−1)
and TN runoff loss (4.09 Kg·N·ha−1), which were significantly different from the rest of the treatments.
ZTDS and ZTTS recorded the lowest values. The highest value recorded by CT was likely a result of
the breakdown of the soil particles by the tillage implement making the soil loose and susceptible to
running water. This makes nutrients from the decomposed rice straw very mobile and easily moved
by running water.
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Figure 5. Effects of tillage on soil TN, NO3
−-N, NH4

+-N distribution along the soil profile. Note: (a) TN
in 2016; (b) TN in 2017; (c) NO3

−-N in 2016; (d) NO3
−-N in 2017; (e) NH4

+-N in 2016 and; (f) NH4
+-N

in 2017.
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Table 2. Effect of tillage methods on N loss.

Treatments Runoff (mm) Concentration of TN
in RunoffWater (mg·L−1)

TN Runoff Loss
(kg·N·ha−1)

CT 300.00 ± 11.56a 1.68 ± 0.02a 4.09 ± 0.04a
RTDS 269.94 ± 3.16b 1.29 ± 0.07b 3.47 ± 0.09b
RTTS 259.27 ± 3.72b 1.26 ± 0.07b 3.45 ± 0.09b
ZTDS 177.35 ± 10.71c 0.98 ± 0.09d 2.69 ± 0.11c
ZTTS 182.53 ± 5.28c 1.11 ± 0.02c 2.73 ± 0.04c

CT: conventional tillage; RTDS: reduced tillage direct seeding; RTTS: reduced tillage transplanting; ZTDS: zero
tillage direct seeding; ZTTS: zero tillage transplanting. Different letters within a column represents significant
difference at the 5% level of significance (LSD).

3.3. Effect of Tillage Methods on Rice Productivity

As for the year of 2016, CT recorded significantly higher plant height, and the trend was similar
in 2017 (Table 3). Plant height values ranged from 132.20–135.10 cm in 2016 and 132.10–136.20 cm in
2017, with the highest values recorded under CT in both years (Table 3). However, ZTDS recorded
the highest “stover” yield in both years (Table 3). The reason for the high stover yield was probably
the good interaction between the decomposed rice straw, the soil and the inorganic fertilizer applied.
This interaction provided a good environment, with readily available nutrients for the rice seed to
germinate. Even though the same conditions were available under ZTTS, the stress associated with
transplanting of seedlings and the time taken for the seedlings to adjust to the field condition probably
accounted for the small stem girth recorded under ZTTS compared to ZTDS. However, ZTTS produced
grain yield comparable to CT, but significantly different from ZTDS, RTDS, RTTS.

Table 3. Growth and yield parameters of rice.

Treatments

2016 2017

Plant Height
(cm)

Stover Yield
(t·ha−1)

Grain Yield
(t·ha−1)

Plant Height
(cm)

Stover Yield
(t·ha−1)

Grain Yield
(t·ha−1)

CT 135.10 ± 2.39a 5.70 ± 0.10ab 6.40 ± 0.11a 136.20 ± 2.89a 5.70 ± 0.10b 6.60 ± 0.17a
RTDS 133.15 ± 1.73ab 5.60 ± 0.11b 6.20 ± 0.11ab 133.10 ± 1.73ab 5.53 ± 0.13b 6.16 ± 0.14ab
RTTS 134.15 ± 2.31ab 5.63 ± 0.09b 5.86 ± 0.22b 134.20 ± 2.31ab 5.77±0.09ab 5.90 ± 0.35b
ZTDS 132.20 ± 1.15b 5.93 ± 0.14a 6.30 ± 0.06a 132.10 ± 1.15b 6.03 ± 0.17a 6.50 ± 0.21ab
ZTTS 134.25 ± 1.15ab 5.60 ± 0.18b 6.30 ± 0.17a 134.30 ± 1.15ab 5.53 ± 0.18b 6.60 ± 0.21a

CT: Conventional tillage; RTDS: Reduced tillage direct seeding; RTTS: Reduced tillage transplanting; ZTDS: zero
tillage direct seeding; ZTTS: zero tillage transplanting. For the three treatments, means in each row for a given
depth followed by same letters are not different at (p > 0.05).

Generally, plant height and grain yield of rice increased under CT with no significant difference
as compared with ZTTS (Table 3) in 2016 and 2017. This result is in conformity with the work done
by [36], who found that rice yields were equal between NT and CT. [37] reported that crop yield was
generally higher under no/reduced tillage with straw retention than under CT in dry years, but was
lower in wet years. However, the highest stover yield was recorded by ZTDS in both years, which was
significantly different from the rest of the treatments. The reason for the high stover yield was due to
the good interaction between the decomposed rice straw, the soil, and the inorganic fertilizer applied.
This interaction provided a good environment, with readily available nutrients for the rice seed to
germinate. Even though the same conditions apply to ZTTS, the stress associated with transplanting
seedlings and the time taken for the seedlings to adjust to the field conditions probably accounted for
the reduction in stover yield under ZTTS compared to ZTDS. Also, rice seedlings, once transplanted,
would have to expend a lot of energy before assuming root growth. However, ZTTS produced grain
yield comparable to CT but significantly different from ZTDS, RTDS, RTTS. This was as a result of the
early transplanting (10 days) that was carried out. Usually, transplanting seedlings before they are
15 days old and as early as 10 days—when only the first small root and tiller, with two tiny leaves,
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have emerged from the rice seed—enhances rice yield. Planting older seedlings from 15 days upwards
means the seedlings have already lost much of their potential to produce a large number of tillers.
Also, early transplantation allows the seedlings to have fast absorption of nutrients after getting use to
the field conditions.

Generally, the rice straw increased the retention time of the inorganic fertilizer in the top soil of
ZTDS and ZTTS, thereby allowing the rice plant ample time and space to absorb the nutrients. This is
at variance with CT, RTDS and RTTS, where the rice straw is ploughed and rotovated at the depth of
20 cm and 8 cm, respectively. Also, the modification of temperature around the base of the rice plant as
a result of heat interception by the rice straw ensures continuous and sustained mineralization and
gradual release of nutrients for the rice plant usage. This subsequently improved the yields under
ZTDS and ZTTS, since productivity is a function of good nutrient retention and absorption under
conducive environment. According to [38], a warm-dry climatic environment or well-drained soil can
impact positively on the yield of crops. This accounted for the improved yield recorded under ZTDS
and ZTTS from an average yield of 6.30 in 2016 to 6.50 and 6.60 in 2017.

From this study, improved and sustained productivity in rice can be achieved by the use of ZTDS
and ZTTS (conservation tillage methods) considering their ability to characterize soil nutrients at
the top 0–20 cm to sustain plant growth. Moreover, their ability to control runoff losses makes them
capable of reducing AgNPS N pollutant movement. Also, their potential benefit to the environment
through pollution prevention could be achieved if well designed and managed, leading to sustainable
and environmentally friendly food production. This work has provided additional insight about
changes in physical and chemical soil properties, as well as N movement resulting from practicing
conservation tillage coupled with rice straw retention and inorganic fertilizer application. We observed
that variation in soil properties including the movement of N requires many experimental years to be
able to realize their full potential. Hence, continuous field experiments over many years (5 or more)
is required to determine the time change in N distribution, movement dynamics and loss along the
soil profile under ZDTS and ZTTS methods. This will provide researchers with the opportunity to
make long-term decisions regarding environmental monitoring of conservation tillage farms in order
to forecast accurately, the consequences associated with the introduction of such tillage methods and
to recommend appropriately.

4. Conclusions

In summary, there are significant variations in the impact of tillage methods on soil properties,
nutrient loss and rice productivity. Conservation tillage methods (ZTDS and ZTTS), were associated
with a reduction in soil bulk density, enhanced soil nutrients, a reduction in TN runoff losses,
and improved yield of rice. To achieve maximum and sustained food production, management
methods that ensure the combined effect of conservation tillage, rice straw retention and inorganic
fertilizer incorporation should be followed. Also, the enhanced synergy from such a combination could
help in the reduction of AgNPS pollutant load emissions into the environment. Our results therefore
suggest that improved soil nutrients, reduction in AgNPS N pollutant load and sustained growth and
yield parameters of rice could be attained using conservation tillage technologies especially, ZTDS and
ZTTS and are therefore recommended for sustainable and environmentally safe rice production by
farmers in Ghana.
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