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ABSTRACT

Low soil fertility is one major drawback to Egusi melon (Colocynthis citrullus L.) production, a popular
and premium crop in southeastern Nigeria. To overcome this challenge, this study evaluated the effects
of different animal manure types on egusi melon cultivation and on selected soil properties. The
experiment was arranged in a completely randomized design with four treatments and three replications.
The study treatments were: T1; Cow dung applied at 10 t ha™ of dry mass (10 t DM ha™), T2; 10 t DM
ha! Poultry manure, T3; 10 t DM ha™ Pig manure, and T4; Control, unamended treatment. Results
showed that treatments application had varied significant effects on soil pH, available phosphorus, total
nitrogen, and soil organic carbon. Treatments application positively influenced egusi melon growth and
yield. Except for number of plant leaves, data on vine length, and stem girth recorded for treatments
T1, T2 and T3 did not differ significantly. Similar to the vegetative growth stage, the shoot fresh weight,
root fresh weight, shoot dry weight, and root dry weight biomasses did not varied significantly across
treatments T1, T2 and T3, except the fresh fruit weight. The animal manure types had similar strength
in their effects on the measured soil and Egusi melon growth and yield properties. However, further
studies are needed to evaluate the suitability of cow dung, poultry dung and pig manure application for
melon production in a nutrient depleted coarse-textured ultisol.

Keywords: Suitability, Manure, Crop Productivity, Egusi Melon, Soil Nutrients,Ultisol

1. Introduction

One of the most essential food crop grown in Nigeria for its edible seeds is Egusi melon
(Colocynthis citrullus L.) (Ogbonna and Obi, 2007). Egusi melon is a herbaceous plant that belongs to
the Cucurbitaceae family similar to crops like: watermelon, cucumber, and pumpkin (Olaniyi and Tella,
2011). Egusi melon is a premium crop in southeastern Nigeria (Igboland). Egusi melon seeds are used
for cooking continental dishes (Ogbonna and Obi, 2007). The seeds are nourishing and contain about
53.1% dietary oil, 33.8% protein, water, vitamins and a small amount of P, K, Ca, Zn and Fe and high
amino acids content (Nwokolo and Sim, 1987; Setiawan et al., 2001; Ogbonna and Obi, 2007). There
is a super-high demand for egusi melon in Nigeria, especially, in southeastern Nigeria. Unfortunately,
egusi melon production (yields) are generally poor due to low soil nutrient content that is inherently
associated with soils of southeastern Nigeria (Unagwu, 2014).

Soil nutrient depletion remains a major challenge that affects agricultural productivity in
developing countries (Senjobi et al., 2010). One critical factor that contributes to the decline in soil
nutrient is increased rate of farm cultivation with little or no soil fertility management practice (nutrient
mining approach) by most rural and small scale farmers. It is worth mentioning that most of the foods
consumed in Nigeria are produced by rural and small scale farmers. Thus, to meet up the consumers’
food demands, these farmers continually cultivate their farmlands without appropriate soil care (soil
nutrient management). Unfortunately, because the farmers’ farmlands are degraded, their crop
productivity continually dwindles, posing great difficulty in satisfying the high food demands. This
challenge, nevertheless, could contribute to the inability of Nigeria and some other countries, to attain
the FAO goal of achieving food security by 2020.
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There is need to boost soil productivity, enhance plant growth and yield to ensure food security
and food sufficiency. This prospect is achievable through appropriate and adequate fertilizer or manure
applications. Organic amendment application is fundamental to sustainable agriculture, because they
not only provide huge quantities of macro- and micro-nutrients for good crop growth and high yield
performance; they are also environmentally friendly (Amos ef al., 2015). Although nutrients contained
in organic amendments are slowly released, the positive effects of manure application have been
reported (Sharma and Mittra, 1991; Ayuso et al., 1996; Abou El-Magd et al., 2005; Eifediy et al., 2017;
Unagwu, 2019).

Conversely, chemical fertilizers release nutrients quickly to refill lost soil nutrients and increase
crop yields. However, prolong and inapposite application of chemical fertilizers deteriorates soil
functional capabilities, affects nutrient availability and its uptake by plants (Kerenhap et al., 2007),
increase soil acidity, cause nutrient imbalance and soil degradation (Amos et al., 2015). Considering
the demands for egusi melon in southeastern Nigeria, it is pertinent to increase egusi melon production
(yields) to not only satisfy the current local demands but also to boost production for exports. This study
assessed the growth and yield performance of egusi melon grown using different animal manure types
and evaluated the contributary effects of animal manure application on the chemical properties of a
coarse-textured utisol.

2. Materials and Methods

A glasshouse experiment was set up at the University of Nigeria Teaching and Research Farm,
Nsukka, between December 2018 and September 2019. Topsoil (0-15 cm) was collected from a
fallowed farm. The experiment, four treatments with three replications, were laid out in a completely
randomized design. Animal manures (cattle dung, poultry dung, and pig manure) used in the study were
obtained from Animal Research Farm of the University. A 44.4 g (equivalent to 10 t/ha of dry mass [10
t DM/ha]) air-dried manure type was thoroughly mixed with a 10 kg air-dried homogenized test soil
and thereafter poured into 10 litre pot (25 cm x 22 cm x 16 cm). The treatments were incubated for two
months afterwards, Zaki egusi melon seeds, a local variety obtained from Crop Science Department,
University of Nigeria, Nsukka, were sown at the rate of three seeds per pot. After seedling emergence,
the seedlings were thinned to one seedling per pot. Plant growth parameters were recorded weekly. The
vine length, stem girth, leaf length, and leaf width were measured using a flexible meter tape. The
number of leaves, number of branches and number of fruits were manually counted. At harvest, egusi
melon fruits were weighed to obtain their fresh weight. The fruit girth was measured using flexible
meter tape. At about 90 days after planting (DAS) when >50% of plants had stopped producing new
flowering buds, egusi melon above-ground biomass (plant shoot) was harvested at about 5.0 cm above
the soil surface to avoid soil contamination. Subsequently, the below-ground biomass (plant root) was
harvested. Both biomasses (plant shoot and root) were weighed to obtain the fresh shoot and root
weights, respectively. Afterwards, the biomasses were air-dried for one week and subsequently weighed
to obtain their dry biomass weights.

2.1. Soil Analyses

About 100 g of soil sample was taken from each pot before and after manure application for soil
chemical analysis. The manures were also analysed. The Walkley-Black method was used to determine
the soil organic carbon (SOC) (Nelson and Sommers, 1996). Phosphorus was obtained by Bray II
method (Bray and Kurtz, 1945) while total nitrogen was by the macro Kjeldahl method (Bremner,
1996). Soil pH was obtained using pH meter in a soil: liquid ratio of 1:2.5 suspensions of soil in 0.1 N
KCl and distilled water.

2.2. Statistical analysis

Plant and soil data obtained were statistically analysed with GenStat Discovery Edition 4
software, by subjecting the data to analysis of variance (ANOVA). Treatment means were separated at
a 5% probability level.
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3. Results and Discussion

The test soil is a weathered brownish coarse-textured sandy loam (Table 1). Following Chude et
al. (2011) soil fertility indices rating, the soil is strongly acidic (5.0-5.5), the SOC (10-14 g kg'") and
available phosphorus (7-20 mg kg ') contents were moderate while the total N (0.6-1.0 g kg ') and
exchangeable potassium (0.12-2.0 mg kg ') contents were very low (Table 1). The low soil nutrient and
organic matter content associated with the soil test is characteristic of soils in the study area. This is due
to bush burning, high temperatures that lead to high rate of organic matter decomposition (Eifediy,
2017), and poor farmers' attitude towards the use of soil amendments and inadequate nutrient
application.

Table 1: Physicochemical properties of the test soil

Soil properties Values
Clay [<0.002 mm] (g kg™) 170
Silt [0.02-0.002 mm] (g kg!) 80
Fine sand [0.02-0.02 mm] (g kg) 250
Coarse sand [0.02-2.00 mm] (g kg™) 500
Textural class Sandy loam
pH_H:0 4.90
pH_KCl 4.70
Soil organic carbon (g kg™') 13.8
Total nitrogen (g kg™!) 0.4
Available P (mg kg™!) 8.0
Exchangeable K (mg kg™!) 0.13

The organic amendments (animal manures) varied in their chemical compositions. The pH
ranged from 6.9 - 8.5 while the organic carbon content ranged from 167 — 350 g kg (Table 2). Poultry
manure had the highest organic carbon content while cow dung had the least organic carbon content.
Overall, except for total nitrogen content, poultry manure came out top for all the properties analysed
(Table 2). The observed differences in the nutrient compositions associated with the manures relative
to the test soil, suggests that animal manure application will have significant effects on the soil nutrient
status and consequently influence egusi melon growth and yield performance.

Table 2: Chemical composition of animal manure applied

Parameters Poultry manure Cow dung Pig manure
pH_H:O 8.50 7.30 6.90
pH_KCI1 8.20 6.70 6.70
organic carbon (g kg!) 352 167 320
Total nitrogen (g kg™) 18.2 19.6 32.2
Available P (mg kg™) 567 210 410

3.1. Effects of Animal Manure Application on Soil Chemical Properties

Animal manure application had significant effects on the soil chemical properties (Table 3). Soil
pH ranged from 4.8 (treatment T4, control unamended treatment) to 5.9 (treatment T2, poultry manure
applied at 10 t/ha). Treatments T1 (Cow dung applied at 10 t/ha); T2, and T3 (Pig manure applied at 10
t/ha) increased the soil pH by 4.2-23% relative to treatment T4. Across the manured treatments,
treatment T2 had the highest (p < 0.05) effect on soil pH while treatment T1 had the least effect. Soil
organic carbon (SOC) content varied significantly across treatment applications (Table 3). Treatments
T1-T3 had 10-24% higher SOC relative to treatment T4. Treatments T1 and T2 did not differ
significantly in their SOC content but were significantly higher compared with treatment T3. For soil
N content, treatment T4 recorded low (p < 0.05) values relative to T1-T3 (Table 3). Statistically,
treatments T1 and T3 not differ in their N content but were significantly lower when compared with
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treatment T2. Treatment T1 has the least (p < 0.05) available P as compared with Treatments T2-T3.
Treatment effect on soil available P is as follows; T2 > T3 > T1 > T4. The higher available P recorded
for treatments T2 is linked to the huge P composition contained in poultry manure relative to cow and
pig manures (Table 2). The significantly (p <0.05) higher soil pH observed for treatment T2 is attributed
to the high pH that is associated with poultry manure (Table 2) relative to other animal manures. The
result obtained is similar to that of Eifediy et al. (2017), who reported 5.1-6.5% increase in soil pH
following the application of 15 t/ha poultry manure and 15 t/ha cow dung. In a similar study, Unagwu
et al. (2019) reported an increase in soil pH when poultry manure at 10 t’ha was applied. The authors
reported that the soil pH increased with increase in poultry manure application rate. The trend in the
effect of treatment application on the chemical properties is thus: T2 > T1 > T3 > T4. The high pH,
SOC, and available P associated with treatment T2 is attributed to the huge chemical contents contained
in poultry manure relative to pig and cow manures (Table 2). The observed results may suggest why
poultry manure is in high demand by farmers relative to other animal manure types.

Table 3: Effects of animal manure on the soil chemical properties 8 weeks after application
pH pH Soil organic carbon  Total Nitrogen

Treatments H,0 KCl (g k) (%) Available P (mg kg™)
T1 5.5 4.4 26.2 0.17 9.30
T2 5.9 4.9 26.0 0.19 26.6
T3 5.0 4.4 23.2 0.16 14.9
T4 4.8 4.0 21.0 0.06 8.40
LSD (0.05) 0.07 0.05 0.90 0.02 3.46

T1; Cow dung 10 t/ha, T2; Poultry manure 10 t/ha, T3; Pig manure 10 t/ha, T4; Control, no amendment, OM; organic
manure, LSD; Least significant difference at 5% probability

3.2. Effects of Animal Manure on Stem Girth and Number of Plant Leaves

Throughout the growth period, treatments application had varied effects on Egusi stem girth. The
stem girth ranged from 1.4 cm (at 21 days after planting, DAS) to 1.97 cm (at 84 DAS). The stem girths
for treatments T1 and T3 from 21-84 DAS were non-significantly wider than treatment T4. Beyond 21
DAS, treatment T2 maintained a significantly wider stem girth compared with treatments T1, T3 and
T4. The number of plant leaves is presented in Table 4.

Table 4: Effects of animal manure application on stem girth, vine length and number of leaves

Treatments 21 DAS 42 DAS 63 DAS 84 DAS
Treatment effects on stem girth (cm)
T1 1.53 1.63 1.67 1.73
T2 1.43 1.70 1.83 1.97
T3 1.40 1.53 1.67 1.67
T4 1.40 1.43 1.57 1.53
LSD (0.05) 0.17 0.22 0.20 0.22
Treatment effects on the number of plant leaves
T1 9.7 40.0 35.0 21.3
T2 9.7 24.0 23.3 253
T3 10.3 41.7 30.7 26.3
T4 5.0 16.7 22.7 18.7
LSD (.05 1.6 4.80 3.90 3.30
Treatment effects on vine length (cm)
T1 * 151 179 192
T2 * 147 173 182
T3 * 151 163 174
T4 * 103 136 134
LSD (.05 - 3.66 4.17 6.81

T1; Cow dung 10 t/ha, T2; Poultry manure 10 t/ha, T3; Pig manure 10 t/ha, T4; Control, no amendment, DAS; Days
after sowing, *; data not collected, LSD; Least significant difference at 5% probability,
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Treatment application had a positive (p < 0.05) effect on the number of plant leaves produced, which
varied significantly across the amended treatments. Except at 21 DAS and 84 DAS, Treatment T3, as
compared with treatments T1 and T2, had significantly (p < 0.05) lower number of plant leaves.
Throughout the growth period, the number of plant leaves associated with treatments T1 and T2 were
not statistically (p < 0.05) different. The significantly wider stem girth and greater number of plant
leaves produced following treatment application indicate a positive influence of animal manure addition
on egusi melon growth. This present result corroborates the findings of Eifediyi et al. (2017) who
reported that plants in plots treated with 15 t/ha poultry manure produced greater (47.3) number of
water-melon leaves relative to cow dung manure applied at the same rate. Dauda et al. (2009) observed
reported significantly higher amount of plant leaves when 9.9 t/ha poultry manure was applied compared
with the control treatment.

3.3. Effects of Animal Manure on Vine Length

Egusi melon vine length was highly (p < 0.05) influenced by animal manure addition when
compared with treatment T4 (Table 4). Statistically, treatments T1-T3 did not differ in their vine length.
The present result is consistent with the results of Adekiya et al. (2016), who reported increases in
melon plant growth parameters, following animal manure application. A study by Ogbonna and Obi
(2007) found that poultry manure applied at 10 t/ha increased the crop vine length 30 DAS. Eifediyi et
al. (2017) reported that plants grown in plots that received 15 t/ha poultry manure and 15 t/ha cow dung
produced statistically the same number of vine leaves both of which were significantly higher relative
to the control treatment. Dauda et al. (2009) reported significantly longer vine length following the
application of 9.9 t/ha poultry manure relative to the unamended control. The increases in stem girth,
vine length and the number of leaves recorded for the manured treatments as relative to the unamended
control is due to huge amounts of available nutrients in the animal manure applied. More importantly,
unlike the control treatment, the soil pH (Table 3) associated with the manure amended pots is within
the recommended range 5.0 — 7.0 for vegetable cultivation in acid soils (Masabni and Dainello, 2009),
this also contributed to the observed increases in crop performance since soil pH affects a range of
nutrient availability in the soil that is essentially needed for crop production. Soil pH also influences
nutrient bioavailability, which affects crop growth and development since low nutrient solubility could
limit (immobilize) plant nutrients. This is because, bioavailability of nutrient is the quantity of soluble
nutrient that is mobilized by root exudates (Neumann and Romheld 2012; Goulding, 2016).

3.4. Effects of animal manure on fruit number produced

Treatments application had significant (p < 0.05) effects on the number of fruits produced and on
other plant yield parameters measured. Across the amended treatments, treatment T1 had the highest (p
< 0.05) quantity of egusi melon fruit produced, followed by treatments T3 and T2, which had the least
egusi melon fruit produced. Treatments T1, T2 and T3 did not differ statistically (Table 5).

Table 5: Effects of animal manure application on the average number of fruits produced

Treatment 14 DAF 28 DAF 42 DAF 56 DAF
T1 1.67 1.33 1.67 1.68
T2 0.67 1.00 0.67 0.67
T3 1.33 1.33 1.00 1.36
T4 0.33 0.33 0.33 0.33
LSD (.05 1.09 1.08 0.75 0.76

T1; Cow dung 10 t/ha, T2; Poultry manure 10 t/ha, T3; Pig manure 10 t/ha, T4; Control, no amendment, DAF; Days
after flowering, LSD; Least significant difference at 5% probability

The higher number of egusi melon associated with the amended treatments relative to the control
treatment is attributed to the animal manures applied, which provided extra nutrients for plant uptake.
Several studies also reported similar results. For instance, Dauda et al. (2009) in their study on the effect
of different poultry manure rates on watermelon found that higher rates of poultry manure (9.9 t/ha)
produced a greater number of fruits relative to lower application rates (3.3 t/ha), while the control
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treatment produced the least number of fruits. Study has shown that poultry manure has a fast
mineralization rate, which makes nutrients available (Eifediyi et al., 2017). The high crop growth
performance observed for poultry manure treatment may be due to high decomposition rate (Eifediyi et
al., 2017) and higher nutrient status associated with the poultry manure (Table 2). In a field study at
Nsukka southeast Nigeria, Ogbonna and Obi (2007) reported increases in the number of egusi melon
produced following application of 10 t/ha poultry manure relative to the unamended control treatment.

3.5. Effects of animal manure on plant yield parameters

Treatments T1-T3 had higher (p < 0.05) fresh fruit weight (FFW), fruit girth (FG), root dry weight
(RDW), root fresh weight (RFW), shoot dry weight (SDW), shoot fresh weight (SFW) relative to
treatment T4 (Table 6). It was expected that treatment T1, which had greater number of melon fruit
yields (Table 5) would have higher (p < 0.05) FFW relative to treatments T2 and T3. On the contrary,
treatment T2 had the highest (p < 0.05) FFW as compared treatments T2 and T3 (Table 6). Treatment
T2 was 12% and 22.2% higher than treatments T1 and T3, respectively; while treatment T1 was higher
treatment T3 by 11.6%. Ideally, if a plant produces more fruits than another plant, there are tendencies
of producing smaller sized fruits in the former than the later plant. This may account for the lower FFW
recorded for treatment T1. Treatment T2 had higher (p < 0.05) SFW relative to treatment T1 but was
statistically at par with treatment T3. Across treatments T1-T3, no significant difference was observed
for FG, RFW, RDW and SDW (Table 6).

Table 6: Effect of animal manure application on fruit and plant yield parameter

Treatments FFW FG (cm) RFW RDW SFW SDW
(g pot™) (g pot™) (g pot™) (g pot™) (g pot™)
T1 715 16.4 2.4 0.6 16.8 6.5
T 81.2 18.2 22 0.5 23.4 75
T3 63.2 16.1 2.0 0.5 20.8 6.7
T4 15.0 5.10 0.8 0.3 9.50 3.0
LSD (.05 5.10 2.60 0.80 0.14 4.70 1.2

FFW; Fresh fruit weight, FG; Fruit girth, RDW; Root dry weight, REW; Root fresh weight, SDW; Shoot dry weight,
SFW; Shoot fresh weight, T1; Cow dung 10 t/ha, T2; Poultry manure 10 t/ha, T3; Pig manure 10 t/ha, T4; Control, no
amendment, LSD; Least significant difference at 5% probability

The results show that animal manures had relatively readily available nutrients for plant uptake resulting
in the increases recorded in the plant morphological growth (Tswanya et al., 2017). Increase in FG,
RFW and SFW associated with treatments T1-T3 is linked to animal manure’s ability to boost plant
growth, increase plant’s meristematic and physiological activities (Dauda et al., 2009) owing to
improved soil properties and supply of plant nutrient. These effects resulted in the synthesis of more
photo-assimilates (Dauda et al., 2009) that contributed in the production of higher crop yields and FFW
(Tables 5 and 6). In a similar study on okra production, Aniefiok et al. (2013) observed that organic
manure especially poultry manure increased okra growth. Senjobi et al. (2010) found significant
increases in the fresh and dry leaf yield and seed yield of scent leaf (Ocimum gratissimum) with manure
application. Relative to the control treatment, Ogbonna and Obi (2007) reported increases in the fruit
(egusi melon) yield when 10 t/ha poultry manure was applied. According to Dauda et al. (2009),
significant increases in watermelon growth and yield performance over the control treatment were
ascribed to the presence of vital plant nutrients contained in poultry manure, which promoted roots
development and vegetative growth.

4. Conclusion

Treatments application had varied degrees of effects on the soil chemical properties and plant
growth and yield parameters. From these results, it appears that the three animal manure types are
relatively suitable for growing melon. Comparatively, treatments T2 (Poultry manure applied 10 t
DM/ha), T1 (Cow dung, 10 t DM/ha) and T3 (Pig manure, 10 t DM/ha) were at almost par for most of
the plant and soil parameters measured. Typically, treatment T2 stands tall for its effects on soil pH and
available P relative to treatments T1 and T3. Further, treatment T2 outperformed treatments T1 and T3
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with respect to FFW. Following the results obtained, further experimental (field) studies are needed to
evaluate the suitability of cow dung, poultry dung and pig manure application for melon production in
a nutrient depleted coarse-textured ultisol.
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