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The importance of organic matter addition in composted mounds in terms of nutrients 
status, nutrient uptake, and environmental impact under different climatic conditions 
need to be studied. This study was conducted to assess the importance of Cogon grass 
materials addition as organic matter in composted mounds used for sweet potato 
cultivation on selected sandy loam soil properties under humid lowland, tropical climatic 
conditions. A replicated trial with four treatments with or without organic matter or sweet 
potato plants was set in a completely randomized design. After 6 months, soil samples 
were collected from two profiles in each treatment and analyzed for selected soil 
physiochemical properties. Data collected from each profile was pooled, averages taken, 
and statistically analyzed. The results showed organic matter addition increased water 
holding capacity and electrical conductivity, lowered soil bulk density, pH, and soil organic 
carbon content. Cultivation of sweet potato in soil with or without organic matter 
amendment, in general, depleted nitrogen, potassium, and magnesium contents and 
increased phosphorous availability. This study showed the addition of Cogon grass 
materials as organic matter in composted mounds has implications for the production of 
sweet potato in sandy loam soil in the tropics. 

How to Cite: Michael, P. S. (2020). Soil fertility status and sweet potato cultivation in composted mounds under humid 
lowland tropical climatic conditions. Sains Tanah Journal of Soil Science and Agroclimatology, 17(2): 144-151 (doi: 
10.20961/stjssa.v17i2.43426) 

 

1. Introduction 

 In the highlands of Papua New Guinea (PNG), composted 
mounds (Fig. 1) are used to cultivate sweet potato (Ipomoea 
batatas Lam.). In this practice, a heap of organic matter that 
resembles a cone shape is made on the soil surface in rows, 
covered with soil then vines of sweet potato are manually 
planted (Floyd et al., 1988). The mounds allow permanent 
land use, intercropping, and multiple harvesting, making 
sweet potato a strategic crop for food security (Taraken & 
Ratsch, 2009). Environmentally, the structure of the mound 
counteracts the risks of flooding, soil-borne diseases, and 
reduces soil erosion (Schulz & Glaser, 2012). The practice also 
offsets the inherent loss of soil fertility by utilizing organic 
materials (Pérez-Piqueres et al., 2006), such as garden debris, 
grasses, and farmyard manure as compost (widely available 
and relatively cheap compared to inorganic fertilizers). The 
structure of the mounds depends on the amount of organic 
matter addition and varies in the traditional composted 
mound making areas in PNG. Several earlier studies were 
conducted to evaluate the importance of composted mounds 

on sweet potato yield (D’Souza & Bourke, 1982), and the 
benefits, in particular, are well-documented (e.g. Tiquia et al., 
1996; Tilston et al., 2002; Tiquia, 2010). Even studies dealing 
with composting of wastes from an agricultural and ecological 
perspective (Tuitert et al., 1998; Tuomela et al., 2000; Weber 
et al., 2007), including the phytotoxicity concerns resulting 
from the decomposition processes of composting of organic 
matter (Tiquia, 2010) are available.  

 
Figure 1.  Composted mounds in lower highlands of 

PNG (Michael, P. S., 2019). 

https://jurnal.uns.ac.id/tanah/index
http://dx.doi.org/10.20961/stjssa.v17i2.43426
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What is not widely studied and reported, especially in the 
humid tropics, are concurrent composting of organic matter 
and cultivation of food crops, which has agricultural, 
ecological, and environmental implications. In addition, 
studies investigating the beneficial effects of the composted 
mound in terms of (i) nutrients status, (ii) how and which 
nutrients are taken up, (iii) how and which nutrients are 
converted to plant growth, or stored in the tubers, and (iv) 
whether a composted mound has negative impacts on the 
environment, e.g. from methane emission from 
decomposition and leaching of nutrients, are lacking in the 
literature. This study, therefore, was conducted to investigate 
the importance of organic matter in composted mounds for 
soil fertility management and the production of sweet 
potatoes.   

2. Materials and Method 

2.1 Description of the study site 

The study was conducted at PNG University of 
Technology, Lae, Morobe Province, PNG (6°42’55.89″S; 
146°59’59.66″E). The farm from which the soil samples were 
collected is located at an altitude of 65 m above sea level 
(6o41‟S; 146o98‟E). The mean annual rainfall is up to 3,800 
mm, fairly distributed throughout the year. The average daily 
temperature is 26.3 oC, with an average daily minimum of 
22.9 oC and a maximum of 29.7 oC, respectively. Annual 
evaporation (US Class A pan) is 2,139 mm and rainfall exceeds 
evaporation each month. The climate is classified as Af 
(Koppen), i.e. a tropical rainy climate that exceeds 60 mm rain 
in the driest month. The soil is well drained, derived from 
alluvial deposits, and is classified as a sandy, mixed, 
isohyperthermic, Typic Tropofluents (US Soil Taxonomy), or 
Eutric Fluvisol (World Reference Base) (Aipa & Michael, 2019; 
James Aipa & Michael, 2018; Michael, P.S., 2019). 

 

2.2 Sample collection 

A stripping method was used to collect soil samples from 
the 0–300 mm surface (Michael, P. S., 2019). Several buckets 
full of this soil were collected and taken to the greenhouse 
where the experiment was conducted. Prior to setting the 
experiment, all the soil was carefully emptied on a canvas 
placed on a smooth concrete surface inside the greenhouse 
and homogenized by mixing using a spade. The homogenous 
soil was equally spread on the canvas and air-dried for 3 h 
under greenhouse conditions. The air-dried soil was sieved 
using a 0.5 mm sieve to remove coarse materials including 
plant matter and repeated until sufficient amounts of soil, 
adequate for setting the whole experiment were obtained. 

 

2.3 Organic matter 

To use as organic matter (henceforth referred to as OM), 
leaves of Cogon grass (Imperata cylindrica L.) were collected 
(unbiased) from the same site of the farm where the soil was 
collected. Because of the unbiased collection, older or dead 
leaves that were collected together were not removed, 
mimicking a scenario similar to the practice carried out by 
sweet potato farmers in the highlands of PNG in making 
composted mounds. These plant materials were brought to 
the greenhouse, sun-dried on a metal bench for three days, 

and then chopped into small pieces of equal size (50 mm) and 
oven-dried at 70 ̊ C for 4 days. The brittle plant materials were 
collected and ground using a 7-speed grinder and kept dry 
until use. 

 

2.4 Planting material 

Sweet potato vines, nearly 150 mm long were collected 
from the farm and used as propagules. All the vines were 
collected from a single variety and plant characteristics such 
as the length, number of leaves per vine, and age were 
uniform. A sampling of vines was done when the temperature 
was cooler and immediately planted to avoid desiccation and 
infection. Dead vines in the planted treatments were replaced 
with fresh ones within the first two weeks. All vines were 
planted within 10–20 mm of soil using a small dibble and soil 
around the vines was pressed to enhance the contact of soil 
to the vines. 

 

2.5 Experimental treatments 

The OM was mixed with the soil in bulk (5:1 soil: OM w/w) 
and several polythene pots (190 mm in height and 200 mm in 
diameter) were potted with the mix. Potting was made such 
that a small hill (cone shape) was created in the middle, 
resembling the cone shape of composted mounds (Fig. 1). The 
mixed soil is hereafter referred to as amended soil. The 
unamended soil is henceforth referred to as natural soil. A 
total of four treatments with each polythene pot containing 
approximately 1200 g of soil mix (1000 g soil and 200 g OM) 
were set: 
(i) The first treatment was set as control using natural soil – 

no amendment or planting.  
(ii) The second treatment was set using amended soil and not 

planted.  
(iii) The third treatment was set using natural soil and planted.  
(iv) The fourth treatment was set using the amended soil and 

planted. 
In all the planted treatments, three vines were planted on 

the hill (the cone shape resembling a mound). The treatments 
were replicated four times (a total of 16 polythene pots) and 
set up in a completely randomized design (CRD) under 
greenhouse conditions. Each treatment was carefully 
watered twice a day using tap water throughout for 45 days. 
All the plants were fully-grown but not mature enough to 
produce tubers since most sweet potato species in the tropics 
mature within 95–105 days, the period being longer in the 
cooler highlands. Out of the four replicates, only three were 
used for data collection. The fourth replicate was kept as 
security. 

 

2.6 Sampling 

A core sampler (2000 mm in length and 500 mm in 
diameter) was manually driven into the soil in the polythene 
pots and carefully withdrawn with the cores. These cores 
were placed along a ruler (300 mm) and cut into small 
sections, 0–60, 60–120 and 120–180 mm, respectively. All the 
cores of a profile (e.g. 0–60 mm) of the treatments were 
pooled and mixed, air-dried for 3 h, and sieved. A 500 g of 
this, based on fresh weight and in triplicate were packed in 
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small paper bags and sent to the laboratory for further 
processing and analysis. The approach was undertaken as 
described in various studies (Michael, P. S., 2020; Michael et 
al., 2015; Michael, P. S., 2018a, 2018b, 2018c; Michael et al., 
2016, 2017; Michael, P.S., 2015, 2020). 

 

2.7 Measurement and analysis 

Triplicate samples from the surface (0–60 mm) and deep 
(120–180 mm) soils were used. The samples from 0–60 mm 
profile are hereafter referred to as surface soil and from the 
120–180 mm profile as deep soil, respectively. The decision 
to use only the surface and deep soil data were necessary to 
clearly report the findings. pH was measured using a standard 
dilution (pH meter (1:5 soil: water w/v)) method (Michael et 
al., 2015; Michael et al., 2016, 2017).  

SOC (%) = [(((Wf – Fw) ÷ Wf) ÷ Cf).100] .........................  [1] 

The soil organic carbon (SOC) content (%) was estimated 
using the weight loss-on-ignition method (Schulte & Hopkins, 
1996). Five grams of the soil samples were placed in a crucible 
by weighing and heated in a muffle furnace for 12 h at 105 °C 
to remove moisture (Wf) and combusted again at 375 °C for 
17 h (Fw), cooled for 2 h and weighed (Michael, P. S., 2019). 
The soil residue in the crucibles was combusted in a muffle 
furnace at 800 °C for 12 h, cooled for 2 h, and reweighed. The 
SOC content was estimated by multiplying the carbon value 
by a conversion factor (Cf) of 1.72 (Aipa & Michael, 2018) and 
expressed as a percentage (Equation 1). Where SOC is the soil 
organic carbon content and 1.72 is a conversion factor (Cf). 
The conversion factor was used to convert the OM content to 
organic carbon, assuming there was 58% carbon in the OM. 

SOCstock = [(SOC x BD x SP x ha x Cf)]  ...........................  [2] 
SOM (%) = [(SOC x Cf)]  ...............................................  [3] 
SOM (%) = [(SOC x BD x SP) x Cf]  ................................  [4] 
SOM (tonnes) = [(SOC x BD x SP x ah)Cf]  .....................  [5] 

The size of the carbon stock (C-stock) in each sampling 
profile (SP) was calculated as the sum of the individual carbon 
fractions (%) × g cm-3 × SP (m) and expressed as a percentage 
(Equation 2). The soil organic matter (SOM) contents were 
estimated using the SOC contents and the Cf as Equation 3. 
The SOM stock from the SOC to a certain SP was estimated as 
Equation 4. The weight of the SOM to a given SP and area was 
estimated as Equation 5. Where SOC, BD, SP (m) have been 
described above and area in hectare (10,000 m2), 
respectively. 

The water holding capacity (WHC) was estimated as per 
Michael et al. (2015) by setting soil samples at 100% WHC 
after soaking in water and draining through a filter paper 
overnight (Michael & Reid, 2018). These were weighed for the 
wet weight (Ww) and dried in an oven at 1050C for 48 h and 
reweighed to obtain the oven-dry weight (ODw) using Ww and 
ODw. WHC was determined as Equation 6.  

WHC (%) = [((Ww-ODw) ÷ ODw)100] .............................  [6] 

𝑃 = (1 −
𝐵𝐷

𝑑
) × 100  .................................................. [7] 

Bulk density (g cm-3) was calculated by oven drying of the 
cores at 105 °C for 48 h followed by re-weighing (Aipa & 
Michael, 2018). The oven-dry weights were divided by the 

volume of the core and kept as the BD. Total porosity was 
determined as Equation 7 (Landon, 1991). P is total porosity 
(%), BD is bulk density and d is particle density equals to 2.65 
g cm-3.  

Analyses for soil SOC, nitrogen, potassium, phosphorus, 
and magnesium were done at the University Analytical 
Service Laboratory using standard analytical procedures: 
Kjeldahl (Buchi K436 speed digester and Buchi K–350 Kjeldahl 
distillation unit) for nitrogen, OLSEN (Shimadzu 1800 UV/VIS 
spectrophotometer, Mettler Toledo, Model UV5Bio) for 
phosphorus and magnesium using ICP–OES (Spectro ARCOS  
brand) following 1M NH4Cl extraction. Electrical conductivity 
was measured using a Direct Soil EC meter (Spectrum 
Technologies Inc., 12360S Industrial Dr. East Plainfield, IL 
60585) using solution (1:5 soil: water w/v).  

mg = [(mEq x Aw) ÷ Va]    ..............................................  [8]  

Where possible, data in milliequivalent (mEq.100 g-1 soil) 
were converted to milligram (mg) as Equation 8 (Michael, P. 
S., 2020). Where Aw is atomic weight measured in unified (u) 
and Va is valence of an atom measured in electrons (e) (e.g. 
for nitrogen, u = 14.0 and e = 3, as per the Octet rule). 

 

2.8 Statistical analysis 

The data were analyzed as we reported in various studies 
(Michael et al., 2015; Michael et al., 2016, 2017). The 
treatment averages of a profile of all the parameters (e.g. pH) 
were obtained by taking the mean of the three replicates 
(n=3). To compare the treatment means, significant 
differences (p≤0.05) between treatment means of each 
profile was determined by two-way ANOVA using statistical 
software JMPIN, AS Institute Inc., SAS Campus Drive, Cary, NC, 
USA 27513. If an interaction between the treatments and 
profile depths was found, one-way ANOVA with all 
combinations was performed using Tukey's HSD (honestly 
significant difference) and pairwise comparisons. In all the 
tables, the values presented are mean ± standard error of 
three replicates (n=3). An asterisk along the same row 
indicates a significant difference (p≤0.05) between the 
control and the treatments at the same sampling profiles. 

 

3. Results 

3.1 Effects on soil organic carbon 

Although a decrease in SOC was measured in all the 
treatments, the contents were within a range of 2–10% (Table 1), 
as expected in most soil. A significant loss in SOC measured 
was only in the planted soil, whereas in the other treatments 
the SOC contents were higher but lower than the control soil. 
The overall SOC content was control > OM+planted > OM > 
planted (Table 1).  The sizes of the carbon stock per profile are 
shown in Tables 1 (%) and Table 2 (C t ha-1). The size of the 
carbon stock was less in the surface soil than in the deep 
profiles. In the surface of soil amended with OM, 18.9% SOC 
was measured, equating to 62.76 t C ha-1 (Table 1).
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Table 1. The effects of organic matter and live plants on carbon stock, soil organic matter, water holding capacity, bulk density, and total porosity 

Soil Properties 

Sampling profile (cm) 

0 – 60 120 – 180 

Control OM Planted OM + Planted Control OM Planted OM + Planted 

Carbon Stock (t C ha-1) 28.6±1.3 62.8±1.1 46.2±1.4 59.4±1.6 183.3±1.5 107.7±1.4 229.4±1.1 182.7±1.2 

Soil Organic Matter (%) 6.79 6.06 5.63 6.39 7.39 5.83 5.67 5.92 

Water holding capacity (%) 
Bulk Density (g cm-3) 
Total Porosity (%) 

7.21±0.1 
0.67±2.1 

75.14 

32.38±0.2* 
0.34±2.1 

87.12 

7.54±1.4 
0.76±2.1 

71.20 

21.91±1.2* 
0.92±2.1 

65.11 

18.57±0.1 
0.78±2.1 

71.16 

33.09±0.3* 
0.55±2.1 

79.34 

13.12±0.2* 
1.31±2.1 

50.35 

16.87±1.5 
1.01±2.1 

62.13 

 
 
Table 2. Effects of organic matter and live plants on selected soil properties 

Soil Properties 

Sampling profile (cm) 

0 – 60 cm 120 – 180 cm 

Control OM Planted OM + Planted Control OM Planted OM + Planted 

pH 6.0±0.1 5.9±0.4 6.1±0.6* 6.1±0.4* 5.9±0.3 5.8±0.4 6.1±0.6* 6.1±0.5* 
Electrical Conductivity (dSm-1) 0.05±0.2 0.12±0.2* 0.05±0.4 0.08±0.2* 0.07±0.3 0.13±0.3* 0.04±0.1 0.04±0.4* 
Total Nitrogen (%) 0.45 0.32* 0.33* 0.33* 0.26 0.35* 0.32* 0.34* 
Phosphorus (mg kg-1) 
Available Potassium (mEg. 100 g-1) 

48.47±0.4 
1.32±0.2 

68.48±0.5 
2.75±0.2* 

71.35±0.4 
1.38±0.3 

58.38±0.3 
2.66±0.2* 

58.86±0.2 
1.25±0.1 

71.60±0.2 
2.83±0.3* 

59.67±0.3 
1.15±0.1 

65.79±0.4 
2.36±0.2* 

Available Magnesium (mEg. 100 g-1) 3.96±0.3 3.91±0.5 3.50±0.2* 4.00±0.3 4.02±0.4 3.98±0.3 3.79±0.4* 4.07±0.5 
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Planting in soil amended with OM had a carbon stock of 46%, 
resulting in 46.23 t C ha-1. The biggest increase of 59.4 t C ha-1 

(59.4% C) was measured when OM and live plants co-existed. 
In the deep soil, 35.9% SOC, which is 107.8 t C ha-1, was 
present in the soil amended with OM. In this profile, more 
carbon was present in the planted soil without amendment 
(Table 1). In all the treatments, OM addition along or planting 
in soil without the OM amendment resulted in lower SOM. 
The SOM content in the amended soil and planted was nearly 
the same as in the control treatment. The overall changes in 
SOM was control > OM+planted > OM > planted (Table 1). 

3.2 Effects on water holding capacity 

The WHC of the control soil ranged from 7–19% from the 
surface to deep soil, respectively (Table 1). When OM was 
applied, the WHC was increased by nearly 25% at the surface 
and by 14% at the deep soil, with the changes in the planted 
soil being lower than the amended and planted soils (Table 1). 
The data presented in Table 1 demonstrated that the addition 
of OM improved the WHC of sandy soil and planting in the 
absence of OM lowered it. For example, WHC in soil planted 
without OM application was nearly the same or lower as the 
control, which when applied and planted, increased but 
remained lower than the amended without plants. Overall 
changes in WHC are OM > OM+planted > planted > control 
(Table 1). 

3.3 Effects on bulk density 

The bulk density (BD) of the natural soil from which the 
soil used in the study was obtained is near 1.2 g cm-3 under I. 
cylindrica and near 0.3 g cm-3 under Leucaena leucocephaha 
(Michael, P. S., 2019). Compared to these, BD of the control 
soil was within the range of 0.7– 0.8 g cm-3, decreased when 
OM was applied to within a range of 0.3–0.6 g cm-3 (Table 1). 
The opposite happened when planted or OM was applied and 
planted. Planting in the absence of OM or plants co-existing 
with OM increased the BD, more so at the deeper soil. The BD 
at the deep and wetter soil was higher, supporting the higher 
WHC and decrease in P (Table 1). 

Table 1 shows P estimated using Equation 7 and was 
decreasing from the surface to the deep soils in all the 
treatments. The significant decreased in P was such that in 
the planted soil without the OM amendment was by 21%, 
followed by 8% in the amended soil without plants, 4% in the 
control, and by 3% in the amended and planted soils, 
respectively (Table 1). The decrease in P in the planted soil 
corresponded to the high BD measured (Table 1). Generally, 
OM addition alone significantly decreased P, e.g. decrease in 
12% at the surface soil to 8% in the deep soil, respectively. An 
appreciable amount of native SOM was present in the control 
soil (Table 1). Compared to that, the surface and deep SOM 
contents decreased when OM was applied, the changes 
ranging from 0.2–3.8%. In general, the presence of plants 
further decreased the SOM content by 2.1 – 2.9% (Table 1). 
 

3.4 Effects on pH 

The changes in pH measured are shown in Table 2, and the 
control soil pH was near 6 units. Application of OM alone 
without planting decreased the pH, with the changes induced 

ranging from 5.9 units within the surface profile to 5.8 units 
at the deep profile, respectively. In the soil without OM where 
the sweet potato was planted, pH narrowly increased by just 
0.1 units throughout the sampling profiles. The changes in pH 
were the same in the soil OM and plants were co-existing. 
These changes, in general, were within the soil pH 
requirement range of sweet potato, 6.0–6.5 units, and most 
plants strive within a pH range of 5.5–7.0 pH units. 

 

3.5 Effects on electrical conductivity 

The changes in electrical conductivity (EC) are shown in 
Table 2. The changes in the control soil ranged from between 
0.05–0.07 dSm-1. Compared to all the treatments, the EC of 
the soil amended with OM and without live plants was higher 
at all the sampling profiles. The addition of OM lowered the 
EC but when live plants were present, EC was only high within 
the surface, and the increase was only by 0.05 dSm-1. The 
overall changes measured were OM > control > planted > 
OM+planted (Table 2). 

 

3.6 Effects on total nitrogen 

Total nitrogen (ammonia, organic and reduced nitrogen, 
and nitrate-nitrite) was measured to assess the nitrogen 
status of the sandy loam soil. On the surface, all the 
treatments lowered the nitrogen contents, and more so by 
application of OM addition (Table 2). In the deep soil, the 
opposite happened. Organic matter application, planting, and 
co-existence of OM and plants increased the nitrogen 
content, the contribution being higher by OM. The decrease 
in nitrogen content in the surface soil was 
OM>planted>OM+planted>control, whereas, in the deep soil, 
the increase was OM > OM+planted > planted > control (Table 
2). 
 

3.7 Effects on available phosphorus 

The available phosphorus measured are shown in Table 2. 
The phosphorus content of the control soil was nearly the 
same throughout the sampling profiles (Table 2). In the 
surface soils, the OM amendment and planting without 
amendment increased the phosphorus content by nearly 
85%. OM addition and planted did not affect surface soil 
phosphorus. In the deep soils, OM addition alone or followed 
by planting significantly increased available phosphorus than 
by plants alone. In general, more phosphorus was added in 
the surface soil by plants existing alone, as was by OM 
addition in the deep soils (Table 2). 

 

3.8 Effects on available potassium 

The available potassium content of the control soil clearly 
indicated that the sandy soil was low in potassium (Table 2). 
The low status of this nutrient was significantly improved 
when OM was added, increasing the content by nearly 50%. 
Potassium availability in the soil without OM and plants was 
nearly the same as the control soil, compared to the OM 
amended soil and planted, which was almost as high as the 
OM amended soil without plants (Table 2). Generally, plants 
added a small amount of potassium to the soil, as much as 
that by the OM alone, thereby increasing its availability. 
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Within the surface soil, 1.3 mEq.100 g-1 soil (that is 50.7 mg) 
was measured, which increased to 1.4 mEq.100 g-1 soil (54.6 
mg) in the soil planted with sweet potato. The overall increase  
in available potassium was OM > OM+planted > planted > 
control (Table 2). 
 

3.9 Effects in available magnesium 

The changes in available magnesium are shown in Table 2. 
The existence of OM or plant alone decreased the soil 
magnesium content with the significant reduction measured 
in the planted soil. When OM was applied and planted, the 
magnesium content was high throughout the sampling 
profiles (Table 2). These changes were such that OM addition 
alone decreased the magnesium content by 4.1 mEq.100 g-1 
soil (48.82 mg) and by 3.8 mEq.100 g-1 soil (46.17 mg) at the 
deep soil (Table 2). When the soil was amended with OM and 
planted, the magnesium content was 4 mEq.100 g-1 soil (48.6 
mg) which increased to 4.1 mEq.100 g-1 soil (49.82 mg). 

 

4. Discussion 

The changes in soil physiochemical properties caused by 
OM addition, planting without OM or OM, and plants co-
existing in sandy loam soil mounds measured are shown in 
Table 1 and Table 2. The addition of OM, planting without OM 
addition, or co-existence of OM and plants all resulted in 
lowering of the SOC, and more so in the planted soil without 
OM addition (Table 1). These indicated that contribution by 
live plants was important for supplementing of SOC already in 
the soil, in addition to the OM applied. Comparatively, the co-
existence of OM and live plants increased the SOC content by 
a little bit, even if lower than the content of the control, e.g. 
by 0.3% at the surface and 0.1% at the deep soil, respectively, 
pointing out that the live plants contributed to the SOC 
content. The decrease in SOC in the planted soils, however, 
was attributed to the carbon use by plants. The decrease in 
SOC (Table 1) resulted in a loss of 0.2 – 3.8% SOM, which was 
estimated to be 17.7 t C ha-1 in the presence of live plants. In 
the amended soil, the co-existence of OM and live plants 
decreased the SOM content by 0.7%, (Table 1), nearly 2% 
lower than in the planted soil. These results are an indication 
of general carbon use by microbial ecology and plants, as 
pointed in various studies (Michael et al., 2015). The decrease 
in SOC in the OM amended soil occurred because of microbial 
oxidation of the addition and carbon use from the recalcitrant 
pool for energy needs (Jiang et al., 2014). 

The results showed OM addition alone or planting in the 
amended soil improved the WHC by 30%, and planting in soil 
without OM lowered it (Table 1). These results pointed out 
that microbial decomposition of OM is sufficient to enhance 
moisture retention, regardless of the OM type, e.g. Cogon 
grass materials, whereas plants deleted it, important 
implications for general sandy loam soil use. In addition, WHC 
correlated with the changes in SOC, a strong indication that 
the latter influenced WHC. The BD was affected by OM 
addition in soil without plants (Table 1) and was significantly 
improved when planted, whether OM was available or not to 
values >1.5 g cm-3 desirable for plant growth (Hunt & Gilkes, 
1992). An increase in BD, in general, resulted in a decrease in 
porosity (Table 1), agreeing to established findings of 

previous studies (Shakir & Razzaq, 2002). Unfortunately, OM 
addition resulted in a decrease in pH, compared to the 
planted soils (Table 2), contradicting the changes in pH 
induced by the addition of OM of varying nitrogen content in 
extremely acidic (pH<4) or highly alkaline (pH≥6) soils of acid 
sulfate soils we reported (Michael et al., 2015; Michael et al., 
2016, 2017)  and in other soil types (Muktamar et al., 2020). 
Further, the nitrogen content of the OM amended soil (see 
Table 2) at the two sampling profiles were low, a strong 
indication that the Cogon grass material used was low in 
nitrogen, the main reason the pH decreased. In contrast to 
the effects on BD and pH, OM addition significantly increased 
the EC to values conducive for plant growth (Table 2), 
demonstrating that decomposition of the OM resulted in 
release and availability of nutrients, e.g. the high potassium 
and phosphorus contents measured (e.g. Table 2). These 
nutrients were used by the live plants for growth, e.g. removal 
of potassium (shown in Table 2), as shown by the lower EC 
values measured in the soils without amendment and planted 
(Table 2). 

Table 2 shows live plants depleted nitrogen, potassium, 
and magnesium in soil without OM, compared to the 
phosphorus contents. One possible explanation for this could 
be that sweet potato plants require nitrogen, potassium, and 
magnesium more than phosphorus at the early stages (45 
days) of growth and development (Parvage et al., 2013). 
Hughes et al. (2009) reported the main nutritional 
requirement of the sweet potato is potassium, supporting the 
reason why the potassium content was the lowest (Table 2). 
These researchers further showed phosphorus requirement 
is the lowest, supporting why a high amount of its availability 
was measured (Table 2). OM amendment (or co-existence) 
with live plants increased potassium content by 55.9 mg in 
the surface and 61.8 mg in the deep soil (Table 2), 
respectively, evidence of potassium being added from the 
decomposition of OM.  

The overall results are in agreement that nitrogen, 
potassium, and magnesium are needed by sweet potato 
plants at the vegetative stage (e.g. 45 days as in this study) 
(Xiong et al., 2014), and phosphorus, maybe during tuber 
formation (later stages of growth). Young plants, such as the 
45 days old sweet potato plants need nitrogen as a major 
component of chlorophyll and amino acids for active growth 
and require potassium to regulate the stoma (Mårtensson & 
Witter, 1990). Magnesium was significantly depleted in the 
planted soil without OM (Table 2), indicating there was an 
active uptake, supported by findings of (Al-Esailyl & El-Naka, 
2013) that magnesium increased plant growth characteristics 
and photosynthetic activities of the crop. In the surface soil, 
14.2 mg of magnesium was removed, compared to a lesser 
amount, 9.7 mg, in the deep soil (Table 2), strongly suggesting 
that magnesium is highly needed by sweet potato plants. 

 

5. Conclusion 

Organic matter addition in composted mounds is a 
realistic approach to manage nutrient leaching, retain 
moisture, establish suitable microbial ecology, and alter soil 
properties important for crop production. This study showed 
co-existence of OM with live sweet potato plants in 
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composted mounds is important for the management of 
sandy loam soil fertility, without which the crop depletes SOC, 
total nitrogen, available potassium, and magnesium. Cogon 
grass materials addition as organic matter improved most of 
the soil physiochemical properties to levels desirable to 
support the normal growth and development (production) of 
the crop. 
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