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ABSTRACT 

Inadequate application rates of organic amendments (OAs) contribute significantly to low crop 
yields in the tropical and subtropical climatic regions. This study investigated the effects of OAs 
(Mushroom compost, MC; Anaerobic digested solid waste, AD_SW; and Poultry manure, PM; 
Quality Protocol compliant PAS-100 compost, PAS), applied at three rates [0 t ha-1 (Control 
treatment, C), 10 t ha-1 (1) and 30 t ha-1 (2)] with or without inorganic fertiliser additions (F and NF, 
respectively) on maize growth performance and yield.  Except PAS, OAs alone significantly increased 
plant growth performance [plant height, number of leaves and plant vegetative growth stage]. The OA 
treatments (except PAS) with or without inorganic fertiliser addition, increased plant biomass (above 
ground and below ground) by 24-65% and 38-88%, respectively as compared with the Control no-
fertiliser (CNF) treatment. OA treatments + inorganic fertiliser had marked effects on plant response, 
particularly PAS. With supplementary inorganic fertiliser, plant N and P-uptakes for the PAS 
treatments increased (p < 0.05) by over 80% and resulted in significantly higher maize growth 
performance and yield than the CNF treatment.  The results indicate that application of PM or MC at 
10 t ha-1 + inorganic fertiliser, or at 30 t ha-1 without inorganic fertiliser significantly improved maize 
growth performance and yield..  
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Introduction 

Application of organic amendments (OAs) to improve soil organic matter (SOM) content is 
generally limited in tropical and subtropical climatic regions (Chang et al., 2007). This is particularly 
true among nutrient mining small-scale farmers who do not replenish the soil with adequate nutrients 
or SOM to compensate for nutrient loss via plant uptake and organic matter loss via soil degradation 
processes such as soil erosion. Unlike inorganic fertilisers, the positive effects of OAs on soil 
properties may take time to manifest as the nutrients contained in OAs are initially immobilised by the 
soil microbes, but are later released through microbial enzymatic activities (Biau et al., 2012). Use of 
OAs in combination with inorganic fertilisers has been shown to be fundamental in improving soil 
health, increasing crop productivity and ensuring input use efficiency (Bandyopadhyay et al., 2010).  
Maize is the most important and dominant food crop in Africa, including Nigeria. It is a cheaper, 
more affordable cereal for the majority of the population than rice and wheat (FARA, 2009). Global 
maize yields are increasing at a higher rate than those in Africa by 1.6% and 1.3% per annum, 
respectively (CIMMYT and IITA, 2011). Maize cob yield in Africa of 1.7 t ha-1 is only 35% of the 
global average cob yield of 4.9 t ha-1 (FARA, 2009). Most of the increase in maize production in 
Africa is due to increases in the cultivated land area rather than increases in yields due to 
improvement in soil health (Hillocks, 2014) or improved agronomy. The current yield of maize in 
Africa cannot meet the food demand of the growing population. Among other factors (such as 
inadequate use of inorganic fertilisers, OAs, improved seeds, pesticides and poor water and nutrient 
management), the low maize yields in Nigeria and Africa in general is associated with low and 
declining soil productivity and high levels of soil degradation. This is due to the characteristically low 
organic matter content and nutrient status (an indication of poor soil health) that is associated with 
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soils of this region. The poor soil health is also attributed to decades of ‘ill land-use’ practices that 
encourage soil degradation through nutrient losses via crop uptake, leaching, surface runoff and soil 
erosion. Poor soil health contributes majorly to maize yield gaps in Africa. Yield gap refers to the 
difference between ‘yield potentials of a crop’ and the actual average farm yields of that crop. In most 
cases, the yield gaps are between 200 – 400% of the farm yield (Fischer et al., 2014), and this is 
largely attributed to soil degradation. Application of OAs, as an alternate source of nutrients for plant 
uptake, is a viable option to improve maize yields in Africa. This study evaluated the effects of OAs 
and inorganic fertilizer addition on soil nutrient status, maize growth and yield performance. 
 
Material and Methods 
 

The experiment was set up in a glasshouse at Cranfield University following a completely 
randomized design with four replications. The test soil was sandy loam and had a pH of 8.2. The soil 
was associated with low levels of total oxides of nitrogen, 0.45 (mg kg-1); Olsen-P (32.9 mg kg-1) and 
available-K (82.7 mg kg-1) (Table 1). Locally available OAs were used for the study. These were: 
mushroom compost [MC], anaerobic digested solid waste [AD_SW], Quality Protocol compliant 
PAS-100 compost [PAS] and poultry manure [PM]. Two rates (235 g (1) and 706 g (2)) of OAs were 
applied per pot which is equivalent to 10 t ha-1 and 30 t ha-1 respectively, with (F) or without inorganic 
fertiliser (NF).  Inorganic fertiliser (NPK) was applied at 10 t ha-1. The treatments were: MC1NF, 
MC2NF, MC1F, MC2F; AD_SW1NF, AD_SW2NF, AD_SW1F, AD_SW2F; PAS1NF, PAS2NF, 
PAS1F, PAS2F, PM1NF, PM2NF, PM1F, PM2F, CF [inorganic fertiliser alone] and CNF [un-
amended control].  

 
Table 1: Baseline chemical characteristics of the test soil and of the organic amendments. 

Chemical properties 

pH 
Olsen-P 

(mg kg-1) 

TON 

(mg kg-1) 

NH4-N 

(mg kg-1) 

Available-

K 

(mg kg-1) 

Available-Mg 

(mg kg-1) 

C:N 

  

Baseline soil characteristics  

Soil 
8.2 

(± 0.03) 

32.9 

(± 0.6)* 

0.45 

(± 0.08) 

4.17 

(± 0.33) 

87.3 

(± 1.96) 

179 

(± 2.3) 

0.113 

(± 0.03) 

Organic amendment characteristics  

PAS 8.7c 255a 0.45a 96.7a 4,592b 610a 15.6b 

MC 7.3a 383a 96.2b 120b 13,679a 1552c 14.1ab 

PM 8.0b 2417c 0.18a 900c 9,142c 516a 12.8a 

AD_SW 10.3d 1195b 0.20a 700c 14,981a 126b 19.7d 

MC = Mushroom compost, AD_SW = Anaerobic digestate solid waste, PAS = PAS 100:2005 Quality Protocol 
compliant compost, PM = Poultry manure. TON = Total oxides of nitrogen * = Values in parentheses represent 
+/- 1 standard error of the mean. within each column, values followed by a different letter denote statistical 
differences (p <0.05) following One-way ANOVA, followed by Duncan’s multiple range test at p ≤ 0.05. 

 
For each treatment, 10 kg of air-dried homogenised test soil was weighed into polythene bags 

containing a pre-weighed amount of OA with or without inorganic fertiliser, and were thoroughly 
mixed and then transferred to 10 litre plastic pots (25 cm x 22 cm x 16 cm). The OA treatments were 
applied at ambient temperature in a glasshouse and allowed for 2 weeks before maize seeds were 
sown. Prior to maize sowing, the maize seeds (Severus variety) were chitted on a wetted tissue for 
four days until the radicles (root tips) appeared. This was to ensure that the seeds were viable and to 
facilitate uniform seedling emergence. Three chitted maize seeds were planted per pot. Ten (10) days 
after planting (DAP), the seedlings were thinned down to one seedling per pot. Prior to treatment 
application, 600 g fresh soil samples were collected. 200 g of the fresh sample was stored at < 40C for 
N analyses while the remaining soil sample (400 g) was air-dried for other soil characterisation 
analyses.  After 2 weeks of treatment application, soil samples were collected to evaluate the effect of 
treatment application on soil properties. The following plant performance indicators were measured 
weekly after seedling emergence. Maize plant height (cm) was measured using a metre rule. The 
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number of plant leaves (NPL) was obtained by counting the maize leaves. Plant vegetative growth 
stage was determined using the Leaf Collar method (O’Keeffe, 2009).  

Soil pH was determined on a 1:5 (w/w) soil: deionised water suspension with a Mettler Toledo 
MA 235 pH analyser. Olsen-P was determined in a sodium hydrogen carbonate solution using a 
Nicolet Evolution 100 atomic absorption spectrophotometer (AAS) at 880 nm absorbance (ISO 
11263: 1994). Soil available-Mg and available-K were determined on a 1:5 air-dried soil to 1 M 
ammonium nitrate solution ratio (BS 3882:1994). Filtrates were analysed for Mg and K using a Perkin 
Elmer AAS AnalystTM  800, NH4-N and TON were determined following Method 53 of the MAFF 
(1986) and were analysed using a Burkard Series 2000 Segmented Flow Analyser. Total-C was 
determined, following BS 7755 section 3.8:1995 (ISO 10694:1995) using a Vario EL III CHNOS 
Elemental Analyser system, Germany.  

At 85 days after planting, when > 50% of plants had attained physiological maturity (grain 
ripening stage), the above-ground [AGDB] biomass was harvested 5.0 cm above the soil surface to 
avoid any soil contamination. Subsequently, the below-ground biomass [root, BGDB] was harvested. 
For each pot, the roots were carefully separated from the soil by rinsing them with clean water. 
Afterward, each plant was separated into leaves, stems, cobs and roots which were oven-dried at 65 
⁰C for 72 hours until a constant weight was achieved and the dry weights (DW) taken. Plant nutrient 
analysis was undertaken on air-dried plant samples ground to < 4.0 mm using a Retsch Muhle cutter 
mill and analysed for Total-N concentration by dry combustion using a Vario Elemental analyser (BS 
EN 1364-2:2001). Total-P was determined using the US EPA Method 3051 after extraction with a 
nitric/hydrochloric acid mixture using an Anton Paar Multiwave 3000 microwave digestion system. 
Crop N and P uptake was calculated by multiplying plant Total-N and Total-P concentrations (mg kg-

1) by the total dry matter (AGDB + BGDB). For instance, N uptake was calculated as: 
Plant biomass (g) x Total-N concentration in biomass (mg kg-1) 

To determine significant difference among the data obtained, the data were subjected to 
Analysis of Variance (ANOVA) using Statistica 12 software version 12.1. The differences between 
the means were tested using Duncan’s multiple range test at p < 0.05. 

 
Results and Discussion 
 
Baseline soil and OA characterization:  

The OAs varied significantly in their pH levels, nutrient concentrations and C : N ratios (Table 
1).  AD_SW and MC had significantly higher Available-K as compared with PM and PAS. PM had 
significantly higher Olsen-P concentration than all other OAs. Compared with PAS, AD_SW and PM; 
MC had higher (p < 0.05) TON and Available-Mg. The OA treatments had significantly higher soil 
nutrients (NPK) relative to the CNF treatment (Table 2). This is due to the high nutrient content 
associated with the OAs. The high NPK concentration in the OA treatments relative to the control 
treatment is expected to significantly affect the soil NPK and Mg levels and consequently impact on 
maize growth performance and yield. 

 
OA treatment effects with or without inorganic fertiliser addition on number of plant leaves:  

At 2 weeks after planting (WAP), mean number of plant leaves (NPL) did not vary significantly 
across the treatments (Figure 1 A1). Except PAS treatments, beyond 2 WAP, the OA treatments alone 
(PM1NF, PM2NF, AD_SW1NF, AD_SW2NF, MC1NF, and MC2NF) had significantly higher NPL 
compared with CNF treatment. Except for PAS1NF and PAS2NF, all other OA treatments 
consistently maintained significantly higher NPL (Figure 1 A1) compared with the CNF treatment. 
With inorganic fertiliser addition, all the OA treatments had significantly higher NPL than the CNF 
treatment (Figure 1 A2). The non-significant differences in NPL observed at 2 WAP, suggests that the 
maize plants still rely on the food reserves in the maize seed [endoplasm] (Grant et al., 2001) at that 
stage. Thus, nutrient supply via OA application had no significant effect on NPL at 2 WAP. Also, at 2 
WAP, the maize root system, particularly the secondary root which is responsible for providing 
water, nutrients, and anchorage to the plant throughout its growth period (Wiebold, 
2012),will not have completely developed and therefore was not capable of optimising the available 
soil nutrients (Table 2) for plant uptake. As anticipated, the significant increase in the NPL relative to 
the CNF treatment beyond 2 WAP is due to the significant effects of OA application on the soil 
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nutrients (NPK, Mg) (Table 2). In contrast to a priori expectations, the significantly lower NPL in 
PAS2NF treatments as compared with all other OA treatments (Figure 1 A1) is attributed to the 
inherently low nutrient (NPK) in the PAS OA (Table 1). The higher NPL in the PAS treatments 
(Figure 1 A2) following inorganic fertiliser addition is explained by the greater nutrient provisioning 
from the synergistic (combined) effects of OA + inorganic treatments (Table 2). 
  
Table 2: OA treatments effects on soil chemical properties 2 weeks after application 

Treatments pH 
Olsen-P  
(mg kg-1) 

TON  
(mg kg-1) 

Available-K  
(mg kg-1) 

Available-Mg 
(mg kg-1) 

Treatments without inorganic fertilizer 

CNF 8.38de 34.7a 10.3a 309a 252ab 

PM1NF 8.28bc 126bc 73.1cde 687bc 420d 

PM2NF 8.45efg 289e 133ef 1251def 510d 

PAS1NF 8.55fg 43.5a 4.8a 500b 250ab 

PAS2NF 8.58g 55.3a 10.1ab 723bc 298b 

AD_SW1NF 8.28abc 60.6a 35.8bc 978bcd 314bc 

AD_SW2NF 8.55fg 204d 2.6a 3441h 420d 

MC1NF 8.33cde 56.3a 92.4def 862bcd 226ab 

MC2NF 8.05a 84.6b 98.0def 2372g 292ab 

Treatments with inorganic fertiliser 

CF 8.20b 42.1a 42.3bc 779bc 201a 

PM1F 8.48efg 160cd 32.4bc 824bcd 462d 

PM2F 8.43defg 349e 99.8ef 1614f 650e 

PAS1F 8.43defg 46.1a 17.6ab 620bc 229ab 

PAS2F 8.38ced 53.6a 8.9ab 976bcd 286ab 

AD_SW1F 8.05a 59.3a 147f 1487ef 280ab 

AD_SW2F 8.23bc 130bc 102def 3179h 412cd 

MC1F 8.40def 53.8a 43.1bcd 1006cde 301b 

MC2F 8.00a 85.9b 114ef 3078h 275ab 

PM1F, PM2F, PM1NF, PM2NF = Poultry manure applied at 10 t ha-1 and 30 t ha-1 with and without inorganic 
fertilizer respectively).  PAS1F, PAS2F, PAS1NF, PAS2NF = PAS 100:2005 Quality Protocol compliant 
compost applied at 10 t ha-1 and 30 t ha-1 with and without inorganic fertilizer respectively. AD_SW1F, 
AD_SW2F, AD_SW1NF, AD_SWNF = Anaerobic digestate solid waste applied at 10 t ha-1 and 30 t ha-1 with 
and without inorganic fertilizer respectively. MC1F, MC2F, MC1NF, MC2NF = Mushroom compost applied at 
10 t ha-1 and 30 t ha-1 with and without inorganic fertilizer respectively. TON = Total oxides of nitrogen. Within 
each column, values followed by a different letter denote statistical differences (p <0.05) following One-way 
ANOVA, followed by Duncan’s multiple range test at p ≤ 0.05. 

 
OA treatment effects with or without inorganic fertiliser addition on plant height:  

At 2 WAP, plant heights associated with OA treatments were not significantly different from 
CNF treatment (Figure 1 B1). Beyond 2 WAP, except for PAS1NF and PAS2NF, the OA treatments 
maintained a significantly taller (p < 0.05) plants than the CNF treatment (Figure 1 B1). With 
inorganic fertiliser addition, all the OA + inorganic fertiliser treatments had significantly taller plants 
as compared with the CNF treatment (Figure 1 B2). Plant height is an important plant performance 
indicator (Yin et al., 2011). It is linked to NPK Mg nutrient uptake (especially N) during maize 
vegetative development (Figures 2 A and B). After 2 WAP, PAS1NF and PAS2NF had consistently 
and significantly lower plant height as compared with all other treatments. This suggests that their 
inherently low available NPK and Mg nutrient is inadequate to support plant growth (Table 1). 
However, with inorganic fertiliser addition, PAS1F and PAS2F treatments had significantly higher 
plant height as compared with CNF treatment. This is due to the extra supply of NPK via inorganic 
fertiliser application which enhanced plant nutrients uptake (Figure 4 A2). 
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OA treatment effects with or without inorganic fertiliser addition on plant Vegetative growth 
stages (V-stages): 

 Beyond 2 WAP, significant differences in the V-stages were observed across the OA 
treatments.  The result indicates that the maize plants in PAS treatments at both application rates had 
consistently lower plant growth [delayed Vegetative growth rate] throughout the growing period as 
compared with all other treatments except CNF and AD_SW1NF treatments (Figure 1A). With 
inorganic fertiliser application, the plants in OA treatments had higher V-stages compared with the 
maize plants in CNF treatment (Figure 2B). The observed differences in the V-stages between the 
treatments is due to the significant differences in the plant nutrients provided via the OAs and 
corresponding uptake by plant (Figure 2 and Figure 4). The consistently low vegetative growth of 
maize in PAS treatments strongly suggests that the plants grown in the PAS treatment did not receive 
an adequate supply of NPK and Mg nutrients as compared with the plants grown in other OA 
treatments. This is because limited available nutrients (especially P) (Table 2) which can restrict crop 
growth and development (Grant et al. 2001; Figures 2 and 3). This is evidenced by the significantly 
lower (p < 0.05) N and P nutrient uptake in PAS1NF and PAS2NF as compared with all other OA 
treatments (Figure 4). The significant correlation (p < 0.05) between soil properties, plant nutrient 
uptake, and plant performance indicators (Table 3) confirms that inadequate nutrient availability 
(especially NPK, Mg) hindered the development of the plants grown in PAS1NF and PAS2NF 
(Figures 1 A1, B1 and 2A). The vegetative growth of maize is the period (stage) at which plants 
accumulates the nutrients they require for their life cycle (O’Keeffe, 2009). A strong correlation 
between plant height measured at V10 and V12 V-stages and maize yield has been reported (Yin et 
al., 2011).  
 
Table 3: Correlation between soil properties, plant performance indicators and plant nutrient uptake 

Treatments 
CobDW 

(g) 

AGDB 

(g) 

BGDB 

(g) 

PHT at 7 

WAP (cm) 

N-uptake (g 

g-1) 

P-uptake 

(mg g-1) 

Treatments without inorganic fertilizer 

Olsen-P (mg kg-1) 0.40* 0.67** 0.61** 0.54* 0.74** 0.74** 

TON (mg kg-1) 0.63** 0.56* 0.38* 0.55* 0.50* 0.42* 

NH4-N (mg kg-1) 0.30ns 0.38* 0.19ns 0.25ns 0.50* 0.29ns 

Available-K (mg kg-1) 0.30ns 0.53* 0.56* 0.49* 0.40* 0.62** 

Available-Mg (mg kg-1) 0.35* 0.53* 0.39* 0.46* 0.61** 0.67** 

Treatments with inorganic fertilizer 

Olsen-P (mg kg-1) 0.40* 0.27ns 0.18ns 0.39* 0.57* 0.71** 

TON (mg kg-1) 0.25ns 0.47* 0.51* 0.38* 0.60** 0.53* 

NH4-N (mg kg-1) 0.34* 0.32* 0.19ns 0.35* 0.48* 0.57* 

Available-K (mg kg-1) 0.21ns 0.44* 0.44* 0.46* 0.60** 0.53* 

Available-Mg (mg kg-1) 0.31* 0.20ns 0.13ns 0.34* 0.44* 0.67** 

* = Significant correlation coefficient at p < 0.05, ** = Significant correlation coefficient at p < 0.01, ns = not 
Significant. OA = organic amendment, TON = Total oxides of nitrogen, AGDB = above ground dry biomass, 
BGDB = below ground dry biomass, CobDW = maize cob dry weight, PHT = plant height, WAP = weeks after 
planting. 

It is important to note that PAS1NF/2NF and AD_SW1NF treatments did not achieve early 
tasselling (Figure 2 A), which is critical to cob formation and plant yield. With inorganic fertiliser 
addition, these treatments achieved higher V-stages and achieved tasselling relative to the CNF 
treatment (Figure 2B). This result demonstrates the positive effect inorganic fertilisers have on plant 
growth as observed for PAS treatments which have inadequate NPK nutrients (Table 2). Overall, 
inorganic fertiliser addition had marked effects on plant performance.  For instance, the wide ‘spread’ 
in the NPL, plant height and V-stages observed across the treatments (Figures 1 A1, B1 and 2A) (an 
indication of a high level of variability in the nutrients associated with the OAs applied), was 
“harmonised (standardised)” following inorganic fertiliser addition (Figures 1 A2, B2 and 2B). This 
result suggests that combined application of OAs and inorganic fertiliser is critical to achieving higher 
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growth performance than sole application of OAs, especially for OAs (PAS) that have inadequate soil 
nutrients (Tables 1 and 2). 
 

 

 
 

Fig. 1: Effect of OA treatments with or without inorganic fertiliser addition on the number of plant 

leaves, plant height.  

For Figures 1-4: Vertical (error) bars denote +/-1 standard error of the mean at 5% probability 

following a post-hoc Fisher LSD analysis, WAP = Weeks after Planting. 

* = OA treatments alone, ‡ = OA + inorganic fertiliser treatments. 

PM1F, PM2F, PM1NF, PM2NF = Poultry manure applied at 10 t ha-1 and 30 t ha-1 with and without inorganic 

fertilizer respectively).  PAS1F, PAS2F, PAS1NF, PAS2NF = PAS 100:2005 Quality Protocol compliant 

compost applied at 10 t ha-1 and 30 t ha-1 with and without inorganic fertilizer respectively. AD_SW1F, 

AD_SW2F, AD_SW1NF, AD_SWNF = Anaerobic digestate solid waste applied at 10 t ha-1 and 30 t ha-1 with 

and without inorganic fertilizer respectively. MC1F, MC2F, MC1NF, MC2NF = Mushroom compost applied at 

10 t ha-1 and 30 t ha-1 with and without inorganic fertilizer respectively. 

 

 

 

*A1 ‡A2 

*B1 ‡B2 
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Fig. 2: Effect of OA treatments with or without inorganic fertiliser addition on vegetative growth 
stages.  

A = OA treatments alone, B = OA + inorganic fertiliser treatments. 

PM1F, PM2F, PM1NF, PM2NF = Poultry manure applied at 10 t ha-1 and 30 t ha-1 with and without inorganic 

fertilizer respectively).  PAS1F, PAS2F, PAS1NF, PAS2NF = PAS 100:2005 Quality Protocol compliant 

compost applied at 10 t ha-1 and 30 t ha-1 with and without inorganic fertilizer respectively. AD_SW1F, 

AD_SW2F, AD_SW1NF, AD_SWNF = Anaerobic digestate solid waste applied at 10 t ha-1 and 30 t ha-1 with 

and without inorganic fertilizer respectively. MC1F, MC2F, MC1NF, MC2NF = Mushroom compost applied at 

10 t ha-1 and 30 t ha-1 with and without inorganic fertilizer respectively. 

OA treatment effects with or without inorganic fertiliser addition on below ground dry biomass: 
OA treatments gave significantly higher below ground dry biomass (BGDB) than the CNF, 

except for the PAS1NF and PAS2NF treatments (Figure 3 A1). At 10 t ha-1, the PM1NF treatment 
was associated with 87.5%, 90%, 81% and 50% higher BGDB than the CNF, PAS1NF, AD_SW1NF, 
and MC1NF treatments, respectively.  The BGDB in PM2NF, AD_SW2NF and MC2NF treatments 
did not differ significantly but was higher (p < 0.05) relative to PAS2NF treatment (Figure 3 B1). 
With inorganic fertiliser addition, the OA treatments at both application rates had higher (p < 0.05) 
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BGDB than the CNF treatment (Figure 3 B2). The significantly lower BGDB in PAS1NF and PAS2NF 
compared with the other OA treatments is attributed to the low available N [TON], P [Olsen-P], K and 
Mg associated with the PAS amendment (Tables 1 and 2) and their corresponding inadequate uptake 
by the plant (Figures 4 A1 and B1) as evidenced by their poor plant vegetative growth (Figure 2 A). 
Study has shown that plants require adequate P supply at an early stage for root growth and 
development (Jin et al., 2016). This is further evidenced by the significant (p < 0.01) positive 
correlation (r = 0.61) that exist between Olsen-P and BGDB (Table 3). The present result suggests that 
the high Olsen-P associated with PM OA contributed to the significantly higher BGDB associated with 
PM1NF. 
 
OA treatment effects with or without inorganic fertiliser addition on above ground dry biomass:  

PM1NF/2NF, AD_SW1NF/2NF and MC1NF/2NF treatments had 21 - 66% (p < 0.05) higher 
above ground dry biomass (AGDB) than the CNF treatment. In contrast, PAS1NF/2NF treatments had 
significantly lower AGDB as compare with all other treatments (Figures 3 A1 and A2). Except for 
PAS1NF and PAS2NF treatments, increase in OA application rate from 10 t ha-1 to 30 t ha-1 
significantly increased the AGDB. The higher (p < 0.05) AGDB in PM2NF as compared with all other 
treatments is attributed to the significant positive effect of PM treatments on the vegetative growth 
(Figure 2), and due to the high nutrient content (NPK and Mg) associated with the PM treatment 
(Tables 1 and 2). The significantly higher plant N and P uptake in the PM treatment (Figure 4) as 
compared with all other OA treatments also contributed to the higher AGDB observed (Figures 3 A1). 
This is evidenced by the significant correlations that exist between the soil nutrient (NPK, Mg), N and 
P uptakes and AGDB (Table 3). This result confirms that the higher AGDB associated with the OA 
treatments is due to higher nutrient availability. PM1NF and PM2NF treatments did not differ 
significantly which suggests that the PM1NF treatment provided sufficient nutrients for plant uptake 
such that increasing the OA application rates to 30 t ha-1 had no significant effect on the AGDB. This 
implies that the PM2NF treatment provided more nutrients than the plant required and that resulted in 
‘luxury’ nutrient [NP] uptake (Figures 4) with no corresponding effect on the AGDB (Figures 3 A1). 
OA + inorganic fertiliser treatments had significantly higher AGDB than the CNF treatment (Figure 3 
A2). The significantly higher AGDB in PAS1F and PAS2F treatments compared with CNF treatments 
is due to inorganic fertiliser addition which provided NPK in a more readily available form than that 
from the OAs (Biau et al., 2012; Unagwu et al., 2013). This result confirms that the nutrient level in 
the PASNF treatments was inadequate and could not support high biomass production unless it was 
supplemented by inorganic fertiliser.  
 
OA treatment effects with or without inorganic fertiliser addition on maize cob yield: 

 The maize cob yield (cobDW) in PM1NF/2NF, AD_SW2NF and MC1NF/2NF treatments was 
higher (p < 0.05) than the CNF treatment, except for AD_SW1NF and PAS1NF treatments (Figure 3 
C1). As explained earlier, AD_SW1NF and PAS1NF treatments failed to produce cobs due to a delay 
in maize tasselling initiation observed for both treatments during the reproductive growth stage 
(Figure 2 A). The high C:N ratio associated with AD_SW (Table 1) can affect N availability for plant 
uptake due to N immobilization resulting in the low N-uptake recorded for AD_SW1NF treatment 
(Figure 4 A1), which hindered the maize plant from tasselling early; thus contributing to zero cob 
yield. The CobDW yields in PM1NF and PM2NF did not differ significantly. This suggests that the 
PM1NF treatment provided adequate NPK and Mg while the maize plants in PM2NF treatment had 
excess or ‘luxury’ nutrient uptake evidenced by the significantly higher N-uptake associated with 
PM2NF as compared with the PM1NF treatment (Figure 4 A1), and non-significant difference in P-
uptake with no corresponding increase in CobDW (Figure 4 A1). Biau et al. (2012) observed higher 
nutrient uptake following higher application of N (pig slurry applied at 45 m3 ha-1, equivalent to 315 
kg N ha-1year-1 and fertiliser applied at 300 kg N ha-1), but found no significant differences in the 
biomass produced which the authors attributed to ‘luxury consumption’. Other studies have reported 
similar results. OA + inorganic fertiliser treatments had significantly higher CobDW than the CNF 
treatment (Figure 3 C2). This is to the synergistic effect of the immediate release and availability of 
nutrients associated with NPK fertiliser and the slow release of nutrient associated with OAs. 
Moharana et al. (2012) found significantly higher grain yield of wheat with integrated use of FYM 
and NPK fertilisers (1.67 t ha−1) as compared with the unfertilized control (5.33 t ha−1).  
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Fig. 3: Effect of OA treatments (withor without inorganic fertiliser) on AGDB, BGDB and CobDW. 
Vertical (error) bars denote +/-1 standard error of the mean at 5% probability following a post-hoc 
Fisher LSD analysis. 
*A1, *B1 and *C1 = OA treatments alone; ‡A2, ‡B2 and ‡C2 = OA + inorganic fertiliser treatments. 

PM1F, PM2F, PM1NF, PM2NF = Poultry manure applied at 10 t ha-1 and 30 t ha-1 with and without inorganic 

fertilizer respectively).  PAS1F, PAS2F, PAS1NF, PAS2NF = PAS 100:2005 Quality Protocol compliant 

compost applied at 10 t ha-1 and 30 t ha-1 with and without inorganic fertilizer respectively. AD_SW1F, 

AD_SW2F, AD_SW1NF, AD_SWNF = Anaerobic digestate solid waste applied at 10 t ha-1 and 30 t ha-1 with 

and without inorganic fertilizer respectively. MC1F, MC2F, MC1NF, MC2NF = Mushroom compost applied at 

10 t ha-1 and 30 t ha-1 with and without inorganic fertilizer respectively. 

*A1 

*B1 

*C1 

‡A2 

‡B2 

‡C2 
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Fig. 4: Effect of OA treatments (with or without inorganic fertiliser) on plant N and P uptake. 

Vertical (error) bars denote +/-1 standard error of the mean at 5% probability following a post-hoc 

Fisher LSD analysis. 

  *A1and *B1 = OA treatments alone; ‡A2 and ‡B2 = OA + inorganic fertiliser treatments. 
PM1F, PM2F, PM1NF, PM2NF = Poultry manure applied at 10 t ha-1 and 30 t ha-1 with and without inorganic 
fertilizer respectively).  PAS1F, PAS2F, PAS1NF, PAS2NF = PAS 100:2005 Quality Protocol compliant 
compost applied at 10 t ha-1 and 30 t ha-1 with and without inorganic fertilizer respectively. AD_SW1F, 
AD_SW2F, AD_SW1NF, AD_SWNF = Anaerobic digestate solid waste applied at 10 t ha-1 and 30 t ha-1 with 
and without inorganic fertilizer respectively. MC1F, MC2F, MC1NF, MC2NF = Mushroom compost applied at 
10 t ha-1 and 30 t ha-1 with and without inorganic fertilizer respectively. 
 

Conclusion 
The present study demonstrates the potential of OA application to improve soil nutrient status, 

maize growth performance and yield. The study established that: 
 Across the OAs treatments with or without inorganic fertiliser addition, plant biomass (AGDB and 

BGDB) increased by 24 - 65% and 38 - 88% respectively as compared with the CNF treatment 
(except for PAS treatments). 

 The OA treatments without inorganic fertiliser addition increased CobDW by 100% as compared 
with CNF (except for PAS1NF/2NF and AD_SW1NF). 

*A1 

*B1 

‡A2 

‡B2 
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 Across the OA treatments, an increase in OA application rate [without inorganic fertiliser addition] 
increased (p <0.05) CobDW by more than 80%, except for PM1NF/2NF and PAS1NF/2NF 
treatments. 
 Inorganic fertiliser addition had marked effects on the OA performance, particularly PAS. For 

instance, with supplementary inorganic fertiliser, the plant N and P-uptake from the PAS 
treatments increased (p < 0.05) by over 80% as compared with the CNF treatment. 

Overall, application of OAs increased (p <0.05) maize growth performance and yield due to 
increased nutrient provisioning and availability. Following the trends on the effects of OAs on maize 
growth and yield performance, this study observed that the application of either PM or MC at 10 t ha-1 
+ inorganic fertiliser, or at 30 t ha-1 alone had significant effect on the growth and yield of maize. This 
study suggests that a field experiment is required to further validate the results obtained to develop 
practical recommendations for farmers and other stakeholders in the use of OAs. 
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