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Abstract: Soil nutrient levels have decreased due to continuous cultivation. To amend depleted
soils, this study explored false yam (Icacina oliviformis) compost mixed with aged topsoil at 12, 14,
and 16 weeks (W) in ratios of 1:1, 1:2, and 2:1, with topsoil (T4) serving as the control. After assessing
for effectiveness, the best performing aged topsoil to false yam compost was integrated with animal
manure (cow dung and pig droppings) as follows: topsoil: false yam: cow dung (FYCD)- (2:1:1),
topsoil: false yam: pig droppings (FYPD)- (2:1:1), topsoil: false yam: cow-dung: pig droppings
(FYCDPD)- (2:1:1/2:1/2) and topsoil: false yam (FY)- (2:1) as the control. The four treatments were
evaluated using cucumber as the test crop and were replicated three times in Completely Random-
ized Design (CRD). FY and FYCD recorded similar results in the leaf area, followed by FYCDPD,
and FYPD. FY and FYCD recorded similarly in plant girth at 2 weeks after planting (2WAP) and
4WAP. FYCD and FY recorded pH values of 5.57 and 5.61 respectively. These indicated that the
period of decomposition had a significant effect on the performance on amendment quality. False
yam compost aged 12 weeks at 2:1 topsoil to false yam compost ratio performed best. Also, false
yam compost combined with cow dung offered positive support to crop performance although not
significantly different from false yam compost (12W) only. This indicates that decomposed false
yam tuber within 12W with or without cow dung may be used to amend the soil for better perfor-
mance with enhanced soil properties.

Keywords: Organic farming; compost; nutrient depletion; false yam; biofertilizer

1. Introduction

The production of crops and wholesome food for the world's expanding population
depends on plant nutrients. The crops obtain their nutrient requirement from the soil and
continuous cultivation of crops on the same piece of land has led to the depletion of nu-
trients in the soil [1]. To amend the soil, chemical fertilizers, manure, mulch, and compost
have been used [2—4]. The widespread use of chemical fertilizers creates severe collateral
issues such environmental pollution, the emergence of pest resistance, and a reduction in
food safety [5].

Additionally, using chemical fertilizers raises production costs, which is costly for
farmers in rural areas (Figure 1 A). In arable crop production systems, regular application
of chemical fertilizer and compost was essential for soil management [6,7]. These amend-
ments were primarily employed to increase the availability of nutrients to plants, but they
can also have an impact on soil microorganisms [8]. In sustainable farming, bio-fertilizer
has been discovered as an option for increasing crop output and soil fertility. Today's soil
management approaches rely mostly on inorganic chemical fertilizers (Figure 1 C), which
pose a significant risk to both human health and the environment [9]. The benefits of using
compost in maintaining soil quality have been increasingly recognized [10,11]. The
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chemical, physical and biological fertility of a plant growth medium as suggested by the
authors in [12] are controlled by the organic matter found in the growth medium and thus
should be supplied through the application of manure and crop residues, to either main-
tain or elevate the organic matter content in the growth medium. False yam (Icacina oliv-
iformis) [13] is a small, drought-resistant shrub forming dense stands in the West African
and Central African savannas [14]. It belongs to the family Icacinaceae [15] and indigenous
to the west and central Africa [16]. The tuber is said to possess advantageous agronomic
and nutritional features that are similar when compared to soil [17]. The usage of animal
manure [18] in organic farming [19-21] is geared towards improved crop yields, improved
soil fertility, and water holding capacity to optimum levels [22]. The problem of poor soils
contribute to a drop in crop productivity in Northern Ghana [23], which is negatively af-
fecting the development of agriculture [24] . Using cucumber as a test crop, this study
aims to assess the performance of compost made from false yam (Icacina oliviformis) tu-
bers on crop growth performance alongside animal manure.

(A) Mainsourcesof : (B) Greenhouse (C) Alternative sources of nutrients (Biofertilizer)
nutrients

. 5,
’r e i i o
Pig dropplnng, Cow dung

-

: Plant growth media
Chemical fernhze?"\ I \ Animal manure

(3

Test crop

Topsonl Compost
(Cucumber)

False yam tuber

Figure 1. Sources of plant nutrients in Ghana. (A) Chemical fertilizers. Although quick and simple
to use, it poses significant environmental risks and raises production costs. (B) Greenhouse. Trials
of organic fertilizers are easily evaluated in these controlled environments. (C) Biofertilizer. Utiliz-
ing organic fertilizers is challenging. But it is affordable, eco-friendly, and sustainable.

2. Materials and Methods
2.1. Experimental Area

The experiment was conducted in the farm for the future field and plant house of the
University for Development Studies' Nyankpala campus in Tamale, Ghana. According to
the Savanna Agricultural Research Institute’s (SARI) report in 2001, the location lies on
latitude 9025 45'N and longitude 0058' 42! N at latitude 182m above sea level character-
ized as a hot dry savannah zone. The pattern of rainfall in this area is a unimodal which
occurs in April to October followed by the dry season which sets in from November to
March [17]. The temperature of the area ranges between 19°C (minimum) and 42°C (max-
imum). A report by SARI in 1998 stated that the average annual rainfall is 1060mm.
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Figure 2. Description of study area. The location lies on latitude 9°25! 45'N and longitude 0°58 42!
N at latitude 182m above sea level characterized as a hot dry savannah zone. A report by SARI in
1998. The image was taken from MacCarthy et al., 2022 [25].

36 1800
a1 | BT IS NI ST N L0
o == Tmax
32 1 === Tmin i - 1400 E
O _ [ Rainfall | L1200 E
= 30 1. = Tl I e | - 1 =
‘J—;, 1] | _ AL ] - - 1000 d}_‘
o 28 A M NP 1 £
9 M i - 800 =
= ®
£ 26 A L 600 =
o 60( 5
24 A A UL L 400
~ i 08 "' N LI LR { L1t 1 FITNHT
22 4 [ TNML N LY il - 200
20 T T T T T T T 0
1980 1985 1990 1995 2000 2005 2010
Year

Figure 3. The research site's historical (1980-2010) annual average maximum and lowest temper-
atures and total annual rainfall. The pattern of rainfall in this area is unimodal, temperature ranges
between 19°C (minimum) and 42°C (maximum) and average annual rainfall is 1060mm. The image
was taken from MacCarthy et al., 2022 [25].

2.2. Experimental design and analysis

For two sets of experiments, four treatment levels were used. The first batch consisted
of false yam compost mixed with topsoil in ratios of 1:1, 1:2, and 2:1 (false yam: topsoil) at
12 weeks, 14 weeks, and 16 weeks after composting and topsoil served as control laid in a

Randomized Complete Block Design (RCBD).

78

79
80
81
82

83

84
85
86
87
88



BioTech 2023, 3, x FOR PEER REVIEW 40f14

The second set of experiments was composed of false yam compost at week 12 and 89
topsoil mixed with animal manure in a 1:2 ratio in a completely randomized design. Both 90
sets were replicated three times. The false yam compost was combined with the following 91
animal manure; false yam tuber compost and cow dung (FYCD), false yam tuber compost 92
and pig dropping (FYPD) decomposed false yam plus cow dung and pig dropping 93

(FYCDPD), and false yam tuber compost only (control). 94
Table 1. Treatment combinations of false yam compost and topsoil at 12 weeks, 14 weeks, and 16 95
weeks after decomposition (Experiment 1). 96
Treatment Ratio
Treat t
Weeks of decomposition rel:vn;le n False Yam Compost Topsoil

T1 1 1

T2 2 1

12w T3 1 2

T4 0 1

T1 1 1

T2 2 1

1w T3 1 2

T4 0 1

T1 1 1

T2 2 1

lew T3 1 2

T4 0 1
Table 2. Treatment combinations of false yam compost and animal manure (Experiment 2). 97

Composition Ratio
Treatments - . .
False yam Topsoil Cow dung Pig dropping
FYCD 1 2 1 -
FYPD 1 2 - 1
FYCDPD 1 2 1/2 1/2
FY 1 2 - -

At a significance level of (P0.05), the collected data were subjected to an analysis of 98
variance (ANOVA) using the Genstat statistical program, 4" edition. Except for pH, which 99
was measured in the second experiment, data were collected on plant girth, the number 100
of leaves per plant, plant height, and leaf area for the two sets of experiments. 101

2.3. Test Crop 102

The experiment used cucumber (Cucumis sativa), the poinsett variety as a test crop. 103

2.4. Preparation of false yam tuber and animal manure to serve as a substrate 104

Fresh false yam (Icacina oliviformis) tubers were harvested within the Nyankpala 105
Campus of the University for Development Studies, Tamale - Ghana. Harvested false yam 106
tubers were chopped into pieces about 2cm and buried in compost pits of dimensions 107
152cmx61cmx*91cm and covered with black polythene bags (figure 4). Every week, proper 108
aeration was achieved by rotating and watering to a wet condition. The composting pro- 109
cess lasted for twelve, fourteen, and sixteen weeks. Planting began in October, and data 110
collecting was completed in December 2015. The experimental plastic plant pots used had 111
perforations at the bottom and a volume of roughly 7067 cm3. The experiment was setup 112
in a plant house. 113
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114

Figure 4. Experimental set-up. (1-3) Harvesting and chopping false yam into smaller size for decom- 115
position. (4-5) Chopped false yam buried in pit and covered to keep required temperature for mi- 116
crobial decomposition of false yam tuber. (6) matured false yam compose. (7-9) Establishment of 117

test crop and growth parameters evaluation. 118
3. Results 119
3.1. Substrate pH 120

Table 3 indicates highly significant differences in substrate pH values for all treat- 121
ments resulting in the different performances of the test crops subjected to the different 122

treatments. 123
Table 3. Substrate pH of the treatment. 124

Treatment pH

FYCD 5.57

FYPD 5.36

FYCDPD 4.69

FY 5.61

P-Value <0.001

This may be owing to the difference in resident ions and/or microbial metabolites in 125
the treatments resulting in dissimilar nutrient and water uptake among the test crops. 126
Cucumbers are sensitive to acidic soils hence a pH of 5.5 to 6.7 is optimum [26]. According 127
to a study [27], plants grew on agar media with a pH range of 4 to 8. Additional research 128
by the author demonstrating how varying soil pH values affect plant growth in natural 129
soils suggests that soil pH has a significant impact on the growth and development of A. 130
artemisiifolia [27]. Organic fertilizer improves the capacity of growth medium to buffer 131
changes in pH and cation exchange capacity and serves as a reservoir of elemental con- 132
stituents such as N, S, P, and many minor elements [28-33]. In a natural setting, soil pH 133
has an impact on the biological, chemical, and physical characteristics of the soil, which 134
impacts translocation, plant growth and biomass production [34]. Because it readily 135
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provides an indication of the soil condition and the expected direction of many soil activ- 136
ities, soil pH is compared to a patient's temperature when making medical diagnoses. 137
Thus, the pH regulates both soil biology and biological activities that have an impact on 138

plant performance [34]. 139
Experiment 1 (set-up 1) 140
3.2. Plant Girth 141

Results in Set-up 1 there was significant difference among treatments (P<0.05) for all 142
the weeks of decomposition (figure 5). This may be attributed to the fact that nutrients 143
were released variedly from decomposed false yam into the growth media. Also, the in- 144
formation revealed that 12W and 14W were not different from each other at T1 and T2 but 145
differed at 16W. It may be that enough nutrients were released at 12W and 14W hence an 146
increase in performance than 16W; and at 16 the available nutrients were reused by the 147
microbial community in succession. Notably, 12W was not different from 14W. 148

Ls.d. =0.028

0.45

I
I I
. m12W
0.15 W
0.05 m16W
T1 T2 T3 T4

Interaction of treatment levels and weeks after

G (um)

[=} [=}
S h L W
N U1 W U =

Plant girth, P
o
—_

o

decomposition
149
Figure 5. Plant girth of test crop (Set-up 1). 150
3.3. Leaf Area 151

The result indicates significant differences among the individual treatments (Figure 152
6). As reported by authors in [35] organic manure had a profound effect on the vegetative 153
growth of the cucumber plant. The study revealed that 16W compost recorded the least 154
performance in terms of leaf area for all treatments. This may be ascribed to the fact that 155
nutrients which were produced started to diminish as the weeks of decomposition in- 156
creased to 16W. This confirms the finding of the author in [36], who reported that the 157
duration of decomposition influenced the nutrient released from the composting material. ~ 158
However, 12W recorded the highest performance at T2. This indicated that treatments 159
with the least amount of false yam compost had better performance in terms of leaves 160
than those with high levels of false yam compost. This may explain the fact that false yam 161
compost provided nutrients for plant growth when added to certain levels. Thus, decreas- 162
ing the quantity of false yam compost to soil ratio increased performance. The authors in 163
[35] also made a similar observation in the weight of fruit yield of cucumber increased 164
significantly with the application of treatments of poultry manure. 165
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Figure 6. Leaf Area of the test crop (Set-up 1). 167
3.4. Number of leaves per plant 168

In set-up 1 (Figure 7), there was a significant difference (P<0.05) between the treat- 169
ments applied and the control. Figure 7 indicated that T1, T2, and T3 were not significantly =~ 170
different but were different from T4. This may be associated with the fact that decomposed 171
false yam added nutrients to the soil since all the treatments with decomposed false yam 172
mixed with topsoil performed better than the control T4. This agrees with the finding of 173
the author in [37] who report that the incorporation of manure into soil stimulated trans- 174
formation and mineralization and increase Phosphorus uptake by the plant. However, T1, 175
T2, and T3 were not significantly different from each other. The indication revealed that 176
the treatment levels applied had no effect on the number of leaves a plant produced for 177
all the weeks after decomposition. This may be that decomposed false yam in the various 178
media supplied a similar amount of nutrients to the crop. This agrees with the finding of 179
the authors in [17] who reported that plants on diverse media parade resemblances in 180
growth and development when nutrients available to them are the same. Also, 12W, 14W, 181
and 16W decomposition differed significantly from each other with 14W recording the 182
highest performance in terms of leaves. This may be attributed to the fact that enough 183
nutrients required for leaves to develop were released from decomposed false yam into 184
the media at 14W. 185

l.s.d.=0.32

0.5

w

2 04 .

(5] T T

2

= 03
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§ - 14W

z . m16W
T1 T2 T3 T4

Interaction of treatment levels and weeks after
decomposition
186
Figure 7. Number of leaves per plant (Set-up 1). 187
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3.5. Plant height 188

In set-up 1 (figure 8), there were significant differences (P<0.05) between all treat- 189
ments. Generally, T1, T2, and T3 were not significantly different from each other but were 190
different from control (T4). This may be attributed to the fact that decomposed false yam 191
added nutrients to the soil since all the treatments with decomposed false yam mixed with 192
topsoil performed better than the control. The authors in [38] reported that manure isa 193
source of nutrients, which are released through mineralization, thus supplying the neces- 194
sary elements for plant growth. However, T1, T2, and T3 were not significantly different 195
from each other. This may be that the nutrients released from decomposed false yam into 196
the media were perhaps enough for growth at the treatment levels as indicated in height. 197

L.s.d =2.306

T1 T2 T3 T4

Treatment levels (T)

= N W s U
o O © © o o

Plant height, PH (cm)
o

198
Figure 8. Plant height of test crop (Set-up 1). 199

Experiment 2 (set-up 2) 200

3.6. Plant Girth 201

Figure 9 reveals that there was a significant difference (P<0.05) in the four treatments 202

for two (P=0.008) and four (P=0.019) weeks after planting. These exist between, FY and 203
FYPD; FY and FYCDPD; FYCD and FYPD for two weeks after planting and FYCD and 204
FYPD; FY and FYPD for four weeks after planting. However, at six weeks after planting 205
(P=0.177), there was no significant difference in plant girth for all the treatments. This may 206
be attributed to the differences in nutrient content and supply by treatments to the test 207
crop at the earlier stages of the experiment. This finding is in line with the findings of the 208
authors in [39] who stated that crop development generally, is wholly determined by the 209
nutrients present in the medium. Authors in [40-42], reported that organic manure inputs 210
improve the vegetative development of vegetables, attributing it to an increase in soil nu- 211
trients and microbial biomass associated with the use of organic matter. 212
213
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045 1 LSD (0.05):
04 - 2WAP=0.04861
4WAP=0.04348
0.35 - 6WAP=0.06052
e 03
&
<= 025 - M Plant girth 2WAP
(=}
.,;,D 0.2 - Plant girth 4WAP
[}
= 0.15 - M Plant girth 6WAP
0.1 -
0.05 -
0 .
FY FYCD FYCDPD FYPD
Treatment 214
Figure 9. Plant girth of test crop (Set-up 2). 215

However, no significant difference existed between FY and FYCD and may be said 216
that FY and FYCD supplied similar nutrient elements essential for plant girth develop- 217
ment. At 6 WAP, no significant difference existed in plant girth measurements for all treat- 218
ments, and this may be an indication of the depletion of plant nutrient sources essential 219
for vegetative growth and as well the inherent decrease in vegetative growth of cropsnear 220
maturity. 221

3.7. Leaf Area 222

Figure 10 indicated no statistical differences in measurements for the various treat- 223
ments. These indications may be associated with the physical conditions such as porosity = 224
of the media being similar. Similarly, authors in [43] verified that the leaves of cucumber 225
grown in hydroponic sand culture were larger in total area and had different geometry in = 226
relation to plants grown in soil, thus changing the relationship between its length and 227
width, and hence showing that environmental conditions change leaf geometry of plants 228
of the Cucurbitaceae family. Excessive moisture resulting from poor drainage resultsina 229
reduced availability of oxygen which affects plant growth and eventually affects leaf de- 230
velopment [44]. Authors in [45] agreed that water tension decreases the leaf area index 231
(LAI) in greenhouse cucumber supporting the suggestion that, such difference could have 232

resulted from poor water holding capacity which resulted in water stress. 233
LSD(0.05):
160 - 2WAP=39.34
140 -
& 120 + I
f»_ 100 - W Leaf area 2WAP
§ 80 - Leaf area 4WAP
©
w 60 - m Leaf area 6WAP
3 40 -
20 -
0 -
FY FYCD FYCDPD FYPD
Treatment

234

Figure 10. Shows leaf area index of test crop (Set-up 2). 235
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3.8. Number of leaves per plant 236

Figure 11 shows no significant difference (P>0.05) in the number of leaves measured 237
in all the treatments at two (P=0.055) and four (P=0.097) weeks after planting. However, 238
there is a significant difference at six weeks after planting (P=0.010). Significant differences 239
exist between FYCD and FYCDPD; FYCD and FYPD; FY and FYCDPD. 240

Figure 7 illustrates no significant differences in the number of leaves per plant at two 241
and four after planting but however, at 6WAP significant differences exist between treat- 242
ments. This may be attributed to the supply of similar amounts of elemental nitrogen as 243
plant nutrients by treatments required for leaf development during the early stages of the 244
experiment. In accordance with this, it has been reported by literature that plants on var- 245
ied substrates exhibit similarities in organ and general development of plants when nu- 246

trients are similar and functions in a sterile condition. 247
18 1 LSD (0.05):
16 2WAP=0.941
4WAP=3.026
14 6WAP=2.663
3 12
>
©
210
5 M Leaf number 2WAP
E 8 Leaf number 4WAP
£
§ 6 H Leaf number 6 WAP
1
2
0
FY FYCD FYCDPD FYPD
Treatment 248
Figure 11. Number of leaves per plant for test crop (Set-up 2). 249

The difference may be associated with the presence of large amounts of nitrogen in 250
FYCD as well as a resulting availability and supply of the nitrogen to the test crop. A 251
report by the authors in [46] indicated that as the nutrient particularly nitrogen increases, 252
leaf number per plant also tends to increase. The authors in [47] also stated that cattle 253
manure when mixed with another nitrogen source increased the leaf number per plantin 254
maize. 255

3.9. Plant height 256

There were significant differences (P<0.05) in plant height for all the treatments at 257
two (P=0.015), four (P=0.014) and six (P=0.010) weeks after planting, which exist between 258
FYCD and FYCDPD; FY and FYPD at two weeks after planting, FYCD and FYPD; FYCD 259
and FYCDPD; FY and FYPD at four weeks after planting and FYCD and FYPD; FYCD and 260
FYCDPD; FY and FYPD at six weeks after planting (Figure 12). 261

Figure 12 depicts significant differences in plant height measurements at the different 262
weeks after planting between treatments. These differences in plant height may be asso- 263
ciated with the difference in nutrient supply by manure inclusions specifically phospho- 264
rus and nitrogen which stimulate vegetative growth in plants or the enrichment of growth 265
media to different degrees. Organic manure is a reservoir of nutrients, and these nutrients 266
are released during humification, thus supplying the necessary elements for plant growth. 267
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The differences may be attributed to the differences in the water holding capacity exhib-
ited by the treatment and this resulting in differences in the availability of nutrients.

100
90
80
70
60
50
40
30
20
10

Plant height (cm)

LSD (0.05):

2WAP=3.579
4WAP= 24.60
6WAP=21.87

m Plant height 2WAP
Plant height 4AWAP
® Plant height 6WAP

FY FYCD FYCDPD FYPD
Treatment

Figure 12. Shows plant height of test crop (Set-up 2).

It was observed that the inclusion of manure increased the soil water holding capac-
ity and this meant that nutrients would be made more available to crops. The cucumber
plant, therefore, had enough nutrients for rapid growth and development considering the
composition of the farmyard manure which was incorporated into the soil during land
preparation [48,49]. It was further observed that the higher the nutrients available, the
higher the values of the vine length and number of leaves produced per plant [50].

Poor water holding capacity resulting in water stress may be a reason for the differ-
ences in plant height, which is in line with [51], stating that cucumber (Cucumis sativus L.)
is extremely sensitive to adverse conditions particularly water stress.

4. Discussion

The result of the study showed the potential of false yam tuber compost incorpora-
tion in soil as an organic source of soil amendment to improve not only soil nutrients but
also phyco-chemical properties of the soil. First, our research was able to affirm the effect
of soil pH on seed germination of test crop. Other studies have indicated that some crops
perform in certain optimal pH range whereas our test crop performed within a pH of 5.5
to 6.7. This was in range of the optimal pH necessary for cucumber development as re-
ported by Robert R. Westerfield, Extension Horticulturist. The period of decomposition
influenced the performance of the amendment and consequently, the test crop. Com-
posted organic materials release nutrients at rates that are regarded as sluggish (1-3 % of
total nitrogen per year), and the leaching process can last for several years, according to
the author's study in [52]. We observed that as the weeks of planting progresses, the per-
formance of the test crop increases indicating the slow release of nutrients into the plant
growth medium.

Composts older than 12 weeks, showed signs of nutrient deficiency on the leaves of
the test crop. This informed us that the best optimal period to compost false yam tuber for
biofertilizer should not exceed 12 weeks since this could lead to loss of nutrients in the
biofertilizers. To enhance the retention of nutrients in the growing medium, we postulate
that the time of decomposing biomaterials to be utilized as biofertilizer should be carefully
taken into consideration. Again, incorporating animal manure in the false yam-topsoil
medium improved the water holding capacity and increases the growth performance of
the test crop. This indicates that the additions of animal manure were able to improve
both the nutrient content and the physical properties of the growth medium. Therefore,
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we have found that adding false yam tuber compost to topsoil has the potential to increase
crop yield and enhance the physico-chemical characteristics of the soil. This discovery was
made while trying to develop an alternative, affordable, sustainable, and eco-friendly bi-
ofertilizer for the small-scale farmers in northern Ghana. However, this investigation was
carried out in the plant house, a controlled environment. Therefore, to determine its via-
bility, additional research must be conducted on a trial field to evaluate the effectiveness
of these plant growth media in the harsh climatic conditions of Ghana's northern region.

5. Conclusions

The study revealed that growth performance increased when 12 weeks old false yam
tuber compost was added to topsoil. FYCD and FY performed better than FYCDPD and
FYPD after animal manure was added to twelve weeks old compost in a 1:2 ratio with
topsoil. It was noticed that false yam compost integrated with cow dung enhanced crop
performance with better physical medium characteristics as well as pH. In summary, the
study showed that 12W old false yam compost may be preferred at 1:2 ratio with topsoil.
Combining with cow dung manure will positively support crops with better soil proper-
ties that will maximize crop performance and thus serving as a good soil amendment
which is cost-effective.
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