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Abstract

This study examined the effect of pulverized foliage compost on the growth and development of
Syzygium cumini seedlings in the Sudano—Sahelian ecosystem. Foliage from Khaya senegalensis,
Gmelina arborea, Syzygium cumini and Ziziphus spina-christi was collected at the University of
Maiduguri, sorted, sun-dried to reduce moisture, and pulverized using a motorized disc refiner. The
pulverized foliage was grouped into four composting materials (M1-M4) and buried at varying
depth for 60 days. A potting mixture of river sand and compost at a 3:1 ratio was prepared. Fresh
S. cumini seeds from healthy mother trees were sorted and sown at 3 cm depth. Growth parameters
(number of leaves, stem height, stem diameter) and developmental parameters were recorded after
eight weeks and analyzed using ANOVA and regression. Results showed that S. cumini’s own
pulverized compost produced the lowest mean growth values after Gmelina arborea. Significant
differences (P < 0.05) in stem height were observed for S. cumini in some weeks, although leaf
number and stem diameter remained largely unchanged. Variations in stem height may reflect
differences in nutrient release during early seedling stages, while non-variation in weeks one and
eight could indicate incomplete compost stabilization initially or nutrient depletion later.
Developmental parameters revealed that K. senegalensis compost yielded the lowest mean values
(except root length), whereas Z. spina-christi compost produced the highest mean values. The
findings suggest that pulverization enhances mineralization of foliage during decomposition and
composting, and thus foliage should be pulverized before composting to improve seedling
performance.
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Introduction

Great varieties of trees, shrubs and herbs particularly Syzygium cumini exist in the Semi -Arid region,
however due to the overpopulation through influx to Maiduguri, exploitation of timber and non-
timber forest resources from Syzygium cumini and communal/security conflicts and other natural
disasters in the semi-arid zone of Nigeria, the availability of this tree species for utilization,
protection and conservation of environment becomes a major concern. Syzygium cumini survival in
either natural or artificial forest depends largely on the growth, developmental and survival of its
seedlings. Furthermore, Seedling growth and survival of S. cumini is a function of nutrients
availability and subsequent uptake by the plant. Compost increases the concentration of other

nutrients such as calcium zinc, manganese, and copper (Mylavarapu and Zinati, 2009). While
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Composting is a natural process of biological decomposition and stabilisation of organic waste
(Schulz et al., 2013). Composting therefore helps in breaking down lumps of organic matter there by
increasing the nutrient status of the soil and enhance productivity (Morales and Wolf, 2010).
Composting refers to the biodegradation process of a mixture of organic substrate by bacteria
(actinomycetes) and fungi (Day and Shaw, 2001). However, composting differs from other
decomposition systems due to control in temperature and rate of decomposition (Misra et al., 2003).
Compost is widely used for agriculture and horticulture especially on poor soils. Its applications
result in a range of environmental benefits which include improved soil health, water savings,
reduction in the use of synthetic fertilizer and improved crop productivity (Schroth et al., 2003).
According to Tejeda et al. (2009) a primary benefit of compost application on soil physical
properties is to reduce bulk density and increase total porosity. However, compost application can
improve soil structural stability, aggregate formation and hydraulic conductivity (Curtis and
Claassen, 2005). Lakhdar er al. (2009) reported that compost application changes soil chemical
properties and increases soil nutrients, efficiency of nutrients and partial replacement of inorganic
fertilizer. Compost application improves soil fertility by increasing the concentration of nitrogen,
phosphorus, and potassium (NPK) and other nutrients (Castillejo and Castello, 2010). However, the
effect varies with application rate and compost type. Compost is a valuable slow-release nitrogen

source with a stronger residual effect on soil fertility than chemical fertilizers (Krause et al. 2015).

Composting has also been gaining increasing attention as an alternative way of waste processing. In
addition to the organic fraction of municipal solid waste (MSW), it is now also being adapted for
treatment of various other types of organic waste such as farm manures, sewage sludge, and
industrial sludge (Fiscer and Glaser,2012). Indeed, the composting process has the ability to reduce
pathogenic bacteria, viruses, and parasites in such waste material, which could otherwise pose a
health risk. Although pathogens cannot be eliminated completely via composting, the presence of

pathogens in litter compost is lower than in livestock manures (Wébster and Fransis, 2016).

There are two main types of composting: cold composting (known as passive composting) and hot
composting (known as active composting) ((Meiuer, et al., 2009). Cold composting breaks down
organic matter slowly, but also takes the least amount of effort and maintenance. Cold composting
process is primarily anaerobic, meaning that the organic materials are broken down by
microorganisms that thrive in an oxygen-deprived environment (Bar and Ori, 2014). In addition to
being slower to break down, cold piles may be smelly (Bar and Ori, 2014). Hot composting is faster
but involve more management process: this method requires attention to keep carbon and nitrogen in

the optimum ratio (Bar and Ori, 2014).
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Methodology
The experiment was conducted in the Nursery site of the Department of Forestry and Wildlife,
University of Maiduguri in Jere Local Government of Borno State, Nigeria. Jere local government
lies within Latitude 11° 50*and12° 05N and Longitude 13°.50and 12°.20* E. of the equator (Fig.
1). Jere local Government occupies a total landmass of 868 square kilometers at an elevation of 306

meters (1,004 feet) (Borno State Ministry of Land and Survey (MLS), 2008).

Jere local government is typically of dry tropical climate with distinct wet and dry season. Months of
March and April are the hottest periods of the year with temperature ranging from 30°C to 40°C
respectively. It is usually cold and dry during harmattan period (November to January). The area has
an annual rainfall range of 500-700mm per annum (NIMET, 2008). Jere local government lies in the
SudanoSahelian ecological zone characterized by trees and vast grassland: the grasses are seasonal

and disappear during dry season (DMS, 1992).

The study area has the following grasses; Cyperus rotundus, Cyperus arenarius, Cynodon dactylon
and some trees species which include: Acacia Senegal, Balanite aegyptica, Piliostigma thonningii,
Adansonia digitata, Azadirachta indica, Eucalyptus camaldulensis, Calotropis procera, Acacia

nilotica with some shrubs as follows; Dichrostachys cinerea, Grewia bicholor,Ziziphus mucuronata.
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Fig.1: Map of Jere Local Government Showing the Study Area
Source: Department of Geography, University of Maiduguri
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Collection of samples and procedure for composting
Foliage of Khaya senegalensis, Gmelina arborea, Syzygium cumini and Zizipus spins-christi were
collected within the premises of the University of Maiduguri. The collected foliage were further

sundried to minimize the moisture content and to aid pulverization using a motorized disk refiner.

Pit composting (subsurface) and surface composting were adopted in line with Kuo (2004)
procedure. With regards to pit composting, the pulverized foliar materials after collection undergo
pulverization using motorized disc refiner, two kilogram (2kg) of pulverized foliar materials was
used in a polythene sacs and buried at 60cm depth, while another 2kg of same pulverized foliar
materials were poured in tight polythene sac containers and kept in open spaces for composting for
60 days . The composts were turned through the vent and added two liters of water every 15 days
throughout the composting duration of 60 days. At the end of the composting period (60 days), all
the pulverized foliage composts were ready and was applied to the potting medium which was used

to raise the seedlings of Syzigium cumini for the experiment.

Treatments and Experimental Design

Pulverized foliar of selected tree species for the experiment were formed into five treatments (MO
(Control: no compost)), M; (Khaya senegalensis (Ks)), M, (Gmelina arborea (Ga)), M3 (Syzygium
cumini (Sc)), My (Zizipus spina-christi (Zs)) and arranged in 5x3x3 factorial in complete randomized

block (CRD) The factors include the pulverized composting materials, depths and durations.

Data collection

Data on seedling growth/development parameters were collected for eight weeks starting after 2
weeks of seedling establishment. The growth parameters include Stem diameter (mm), stem height
(cm) and number of leaves were collected and recorded on weekly bases, while developmental

parameters include: root length (cm) and biomass (g) were measured at the end of the experiment.
Method of Data analysis

Analysis of variance (ANOVA) was used to ascertain the mean differences between growth and

developmental parameters.

Analysis of Variance was used for the growth and developmental parameters.
Analysis of Variance (ANOVA).

One way ANOVA tool that was used for this study as presented below:
Yij=u+(1j+€ij
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Where:
e Yj;is the i-th observation in the j-th group.
e is the overall grand mean of the dependent variable across all groups.
e 0j is the effect of the j-th group (the difference between the mean of the j-th group and the
overall grand mean).
€;is the random error term for the i-th observation in the j-th group.

Results and Discussion
Effects of pulverized foliar compost on the early growth and development of S. cumini

Variations in the growth parameters of S. cumini seedlings by weeks from various composting
materials at 60cm for 90 days, revealed that stem height (SHT) varied significantly (P < 0.05) in
weeks 2, 3, 4, 5, and 6. However, no significant difference was observed for stem height in weeks 1,
7 and 8. The results also showed no significant difference (P < 0.05) in number of leaves (NOL) and
stem diameter (SDM) from the foliar composting materials across all weeks (Table 1). The weekly
growth parameters’ data for Syzygium cumini indicated that pulverized compost produced from the
foliage of Syzygium cumini showed the least mean value of growth (stem height) after Gmelina
arborea. This varies with Adeogun ef al. (2021), who observed the least mean values for Khaya
senegalensis seedlings obtained from compost of Khaya senegalensis foliar materials used. Wani and
Rao (2013) suggest that while plant-available macronutrients increase during vermicomposting and
composting, their concentration decreases over time without additional inputs. Conversely, an
increase in macronutrients has been linked to a decrease in weight and organic matter within the
growth medium (Wari and Rao, 2013). Kaur (2017) found foliar compost to be most effective for
germination, growth, biomass, physiological attributes, and survival of mango and Khaya seedlings.
Compost significantly improves soil fertility by increasing nitrogen, phosphorus, and potassium

concentrations (Castillago and Castello, 2010).
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The growth parameters from pulverized foliar compost showed a significant difference (P<0.05) in
stem height (SHT) for Syzygium cumini in some weeks, (Table 1). The observed variations in stem
height could be due to the nature of nutrient release to the Syzygium cumini experimental plant at
the seedling stage. The non-variation in weeks one and eight might indicate that the compost was
not fully stabilized initially, or that nutrients were depleted by week eight. These findings align
with Adeogun ef al. (2022), who reported compost effects on growth parameters, particularly stem
height and stem diameter, from week five. Organic compounds are biodegraded and mineralized by

microbial activity, leading to carbon dioxide release (Khatua et al, 2018)
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The result obtained from number of leaves (NOL) and stem diameter (SDM) did not show
variation throughout the 8 weeks (Table 2 and 3). The non-variance observed in the 2 growth
parameters could be due the stage of seedlings that requires enough time to absorb the available
organic fertilizer (compost) applied. These findings is in variance with the findings of Adeogun et
al. (2021), who reported pulverized compost showed significant difference on growth parameters,
particularly number of leaves and stem diameter from week five to week eight. Organic compounds
like tree foliage are biodegraded and mineralized by microbial activities which in turn releases

carbon dioxide into the atmosphere (Khatua et al., 2018).
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The result obtained from developmental parameters of Syzygium cumini seedlings revealed that
there were variations (P>0.05) among the following developmental parameters (Table 4); Plant
dried weight, Root fresh weight, Root dry weight, Leaf Fresh weight, Leaf turgid weight, Leaf
dried weight, and Leaf area, while the Root length and Plant fresh weight showed no significant
difference. However, the developmental parameters of Syzygium cumini seedlings revealed that
pulverized foliar compost from Khaya senegalensis materials produced the least mean values in all
parameters except root length, while Ziziphus spina-christi compost produced the highest mean
value for all developmental parameters. The low mean values from K. senegalensis pulverized
compost might be due to composting methods or compost maturity of the foliar material, affecting
growth and developmental performance. This contrasts with Adeogun et al. (2021), who found
optimal performance for Syzygium cumini seedlings using Khaya senegalensis foliar compost.
However, Benjamin et al. (2019) observed that different growing media treatments significantly

increased seedling height, collar diameter, and number of leaves per seedling.

Variations were observed in plant dry weight, root fresh weight, root dry weight, leaf fresh weight,
leaf dried weight, and leaf area for Syzygium cumini across different composting materials, while
root length and plant fresh weight showed no significant difference. These variations could be due to
differences in compost materials and the positioning of developmental parameters on the tree (root,
leaf, stem, etc.). These results are similar to the findings of Adeogun et al. (2021).

Thomas (2009) reported that allocating plant resources from compost to roots and shoots increases
biomass production and is crucial for maximizing plant performance. Liu et al. (2019) consider root
dry matter and root length important root quality indicators that reflect plant quality, though they are
sometimes underutilized. Long roots signify plant strength in sourcing moisture and nutrients and are
associated with enhanced growth and increased capacity to withstand post-transplanting stress due to
their high exploration capacity in growing media (Nyoka et al., 2018).

Conclusion and Recommendation

From the findings of this study, it can be concluded that Ziziphus spina-christi pulverized foliar
materials showed significant effects on the growth parameters of S. cumini seedlings (stem diameter,
stem height, number of leaves) and Gmelina arborea pulverized foliar materials showed
insignificant effects on Syzygium cumini seedlings. Similarly, Ziziphus spina-christi pulverized foliar
materials showed significant effects on developmental parameters (PDW, RFW, RDW, LTW, LDW,
RL, PFW, LFW, LA ) while Gmelina arborea pulverized foliar materials showed insignificant

effects on and Syzygium cumini seedlings. Based on this, it is recommended that foliage from
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Ziziphus spina-christi should be used in pulverized composting to raise seedlings of Syzygium cumini
in sudano-sahelian ecosystem due to its effects on seedling growth and development.
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