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Mechanisms underlying interactive effects of nutrient inputs on crop yields are poorly

understood especially throughout sub-Saharan Africa. This research thus sought to

evaluate the possible mechanisms causing the interaction effects from compost and

mineral fertilizer and quantify the relative contribution(s) of the mechanisms to added

benefits in grain yield. The research involved a 3-year field experiment followed by a

greenhouse incubation study. Both field and incubation experiments were 5 × 5 factorial

arranged in Randomized Complete Block Design and Completely Randomized Design

(CRD) with three replications, respectively. The factors considered were five levels of

mineral fertilizer (0, 25, 50, 75, and 100%of 90:60:70 kg ha−1 N:P2O5:K2O) and compost

(0, 25, 50, 75, and 100% of 5Mg ha−1 compost). The mechanisms evaluated were

nutrient synchrony, priming, general soil fertility improvement (GFI), and balanced ratio

of nutrients. The conjoint application of compost and mineral fertilizer significantly (p

≤ 0.05) influenced grain yields of maize, with 50%RRMF + 100%RRCo producing the

highest average grain yields in 2015 and 2017 with relative average grain yield increases

of 167 and 98% over the control (no application), respectively. The conjoint application

of nutrients resulted in synergistic and antagonistic interactions. Synergistic interactions

were observed in the first 2 years of the study, followed by antagonistic interactions in

the third year. Three principal components cumulatively explained 86% of the variation

among the mechanisms. The mechanisms which contributed most to the added benefits

were priming effect, balanced nutrient ratio, and nutrient synchrony.

Keywords: added benefit, balanced ratio of nutrients, incubation, mechanism, nutrient synchrony, nutrient priming

effect

INTRODUCTION

Soil fertility depletion in smallholder farmers’ fields is a major biophysical cause for the declining
rate of crop production in most sub-Saharan African countries (1). This has resulted in low per
capita food production (2) with reduced crop yields amounting to over US$ 4 billion annually (3).
Therefore, adding nutrient inputs in the form of organic and mineral fertilizers will improve soil
fertility and increase crop yields (4).
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Roy et al. (5) opined that, in a highly developed agriculture
system, large increases in yield potential would most likely result
from consequent interaction effects of nutrient inputs. Nutrient
interaction in crops is a major factor influencing the yields of
annual crops (6). They occur in crop plants when the supply of
one nutrient influences the absorption and utilization of other
nutrients (6, 7).

Extra crop yields result from the combined application of
nutrient inputs (8). This produces added benefits resulting in
extra crop yields and improved soil fertility, relative to the
sum of the responses in sole nutrient input (8). Few studies
quantifying added benefits in Africa were those of Nhamo (9)
with values between 118 and 663 kg ha−1 maize grains, and
Mucheru et al. (10) who also recorded values ranging from
−250 to 550 kg ha−1 maize grains. Furthermore, Iqbal et al.
(11) reported that, combining compost with mineral fertilizer
significantly (p ≤ 0.05) increased grain yield of maize and other
yield indicators than the sole application of compost. Though,
the soils used by the aforementioned authors were deficient in N
and organic carbon, the observed grain yield range (2.35–7.55Mg
ha−1) was higher than previously reported maize yields from
different studies in Pakistan, confirming the beneficial effects of
compost when supplemented with mineral fertilizer. Togun and
Akanbi (12) also reported that, the use of compost either alone
or in combination with mineral fertilizer was more beneficial
than the control. Furthermore, Chivenge et al. (13) affirmed the
importance of integrated nutrient management (INM), as the
combined application of organic resources and mineral fertilizers
can result in grain yield increases of up to 400% over the control.

There are divergent research opinions on nutrient interaction
due to the fact that the mechanisms involved are not well-
understood. In Ghana, Yeboah et al. (14) reported that, INM
gave higher maize grain yield relative to the sole application
of organic or mineral fertilizers. Brempong et al. (15) also
observed that, using 60:40:40 kg ha−1 NPK + 5Mg ha−1 cattle
manure produced the highest grain yield of 4,678 kg ha−1.
Added benefits in grain yield of −68 to 470 and −514 to
684 kg ha−1 were reported by Opoku (16) at Nyankpala and
Sarauniya, respectively. However, without a clear understanding
of the mechanisms underlying enhanced crop yields resulting
from synergistic interactions of the combined application of
mineral fertilizer and organic inputs, one can underestimate the
occurrence of antagonistic interaction (17).

The positive effects of nutrient amendments on crop yields
are attributed to different, not mutually exclusive mechanisms
(18). There is therefore an urgent need to generate a more
detailed understanding into the potential mechanisms causing
added benefits/disadvantages from the combined application of
organic amendments and mineral fertilizers (8), and quantify
the contribution of these mechanisms to added benefits in grain
yields. Mechanisms for added benefits in grain yields have been
attributed to improved nutrient synchrony between crop nutrient
demand and soil nutrient release (19, 20); priming (21, 22);
improvement in soil quality indicators (6, 23, 24); preferential
transport of nutrients (6); balanced nutrient ratios of 7:1 Ca:Mg,
1:1 K:Mg (25), 10:1 P:Zn, 2:1 Fe:Mn (26), etc. Badu (27), ranked
the key mechanisms resulting in synergistic interactions in order

of their relative contributions as improved nitrogen synchrony
> priming effect > general fertility improvement. Knowledge of
the mechanism causing nutrient interactions will enhance the
adoption of soil management practices that will contribute to
improvement in crop productivity and soil fertility.

Based on the research hypothesis that added benefits resulting
from the conjoint application of compost and mineral fertilizer
to maize is driven by underlying mechanisms, this study sought
to achieve the following objectives: (i) evaluate the effect of
combined application of mineral fertilizer and the compost
on soil fertility and maize yield, (ii) to quantify the added
benefits resulting from the conjoint application and mineral
fertilizer to maize, and (iii) to evaluate mechanisms underlying
the interaction effects resulting from the conjoint application and
mineral fertilizer to maize.

MATERIALS AND METHODS

Description of the Study Site
A 3-year field experiment was conducted at the research field
of the Kwame Nkrumah University of Science and Technology
(KNUST) located on latitude 6◦40′59.364′′N and longitude
1◦33′3.618′′W at an elevation of 287m in the semi-deciduous
forest agro-ecological zone of Ghana. The research site has a
bimodal rainfall pattern with peaks in June and October. The
beginning of the major rainy season is from March to July,
followed by a dry spell in August, while the minor season
spans from September to November. The mean annual rainfall
is 1,500mm, relative humidity is 67%, and mean temperature
ranges from 21 to 31◦C. Soil of the study site has been classified as
Ferric Acrisol and belongs to the Kumasi series, developed over a
deeply weathered granite (28).

Characterization of the soil at the experimental site, prior to
field establishment indicated that the soil was loamy sand with
a low bulk density of 1.13Mg m−3 (Table 1). The soil pH was
slightly acidic. The total organic carbon, nitrogen and available
P contents recorded were very low and the concentration of
exchangeable cations was very low to moderate. The ratings were
done according to the classification of Landon (29). The nutrient
ratios of the soil were unbalanced (Table 1). The overall fertility
of the soil at the study area was classified as low.

Treatments and Experimental Design
The field experiment was a 5 × 5 factorial arranged in
Randomized Complete Block Design (RCBD) with three
replications for each treatment. The factors considered were five
levels of mineral fertilizer (0, 25, 50, 75, and 100% of 90:60:70 kg
ha−1 N:P2O5:K2O) and five levels of compost (0, 25, 50, 75, and
100% of 5Mg ha−1 of compost), giving a total of 25 treatment
combinations. The compost used for this study was prepared
from cattle manure, palm kernel cake, rock phosphate, and cocoa
pod husk. The rationale behind the use of these materials and
the compost preparation method are described in Essel (30). The
average N, P, K, and C contents of the applied compost over
the three cropping years were 1.40 ± 0.26, 1.87 ± 1.39, 1.41
± 1.23, 23.70 ± 1.59%, respectively. The average C:N ratio and
plant residue quality index of the compost were 17.83 ± 3.79
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TABLE 1 | Initial physico-chemical properties of the soil at the experimental site

(0–15 cm).

Soil property Value

PHYSICAL PROPERTIES

Sand (%) 81.76

Silt (%) 7.40

Clay (%) 10.84

Texture Loamy sand

Bulk density (Mg m−3) 1.13

Soil moisture content (%) 8.12

CHEMICAL PROPERTIES

Soil pH (1:1, H2O) 6.70

Soil organic carbon (%) 1.24

Available P (mg kg−1) 4.02

Mineral N (mg kg−1) 53.42

Exchangeable bases [cmol(+) kg
−1]

Ca2+ 2.20

Mg2+ 1.20

K+ 0.76

Na+ 0.08

Exchangeable acidity (Al3+ + H+) [cmol(+) kg
−1] 1.07

ECEC [cmol(+) kg
−1] 4.24

Micronutrients (mg kg−1 )

Zinc 1.15

Iron 20.48

Manganese 18.68

NUTRIENT RATIOS

Ca:Mg 1.8:1

K:Mg 0.6:1

P:Zn 3.5:1

Fe:Mn 1.1:1

ECEC, Effective cation exchange capacity.

and 6.60 ± 1.40, respectively. The fertilizers applied were urea,
triple superphosphate, and muriate of potash to supply N, P,
and K, respectively. Farmers’ preferred maize variety in the study
area, Omankwa, an early-maturing (90–95 days) was used as the
test crop.

Crop Management Practices
The experimental site was disc plowed and harrowed to a depth
of 15 cm prior to the first cropping. Maize seeds were sown at
a spacing of 75 × 40 cm at two seeds hill−1. Application of
compost and mineral fertilizer was done, 2 weeks after sowing
(2WAS). Application of all inorganic fertilizers were done at
approximately 10 cm to the side of each plant by band placement
at 2WAS. Urea was however, applied in two splits with 75%
applied 2WAS and 25% at 5WAS. Hoeing was done on the
treatment plots as and when necessary. At physiological maturity,
maize plants within the three central rows of each plot were
harvested for grain yield determination. Maize grain was dried
to 15% moisture content after harvesting using an oven at a
temperature of 70◦C for 48 h.

Added Benefit in Maize Grain Yields
Added benefit in grain yield from the combined application of
compost and mineral fertilizer, over the sole application of either
compost or mineral fertilizer was calculated as,

Added benefit = Ycomb −
(

Yfert − Yctrl

)

−
(

Ycomp − Yctrl

)

− Yctrl [Vanlauwe et al. (19)] (1)

where: Ycomb, mean grain yields in treatments with combined
application of compost and mineral fertilizer; Yfert, mean grain
yields in the treatments with sole application of mineral fertilizer;
Yctrl, mean grain yields in the control treatment; and Ycomp, mean
grain yield in treatments with sole compost application.

Incubation Experiment
The soil used for the incubation experiment was sampled from
a depth of 0–15 cm in the alleys of the experimental field
previously used for maize cropping. The mechanisms evaluated
were improved nutrient synchrony, priming effect, general soil
fertility improvement (GFI), and balanced ratio of nutrients.
The 25 treatments used in the field experiment were incubated
under greenhouse condition and arranged in a 5 × 5 Factorial
Completely Randomized Design (CRD) replicated three times.

A total of 225 plastic pots were each filled with 492 g soil
for the incubation experiment. The quantity of soil used for
filling each plastic container was calculated on a dry mass
basis in relation to the volume of the containers and the bulk
density of the soil before sampling the soil for the incubation
experiment. The volume of the plastic containers used was 1 L
and the bulk density of the soil before sampling was 1.13Mg
m−3. The compost and mineral fertilizer were then weighed
and added to each plastic container based on the treatment
description and the mass of soil in the plastic pots. Distilled
water (90ml) was then added to each plastic container to attain
28% moisture content at field capacity. The soil in each pot
was then mixed thoroughly with water and the appropriate soil
amendment using a stirrer. Each pot was finally covered with
a gas permeable parafilm to reduce moisture loss and carefully
placed in metal grids at the greenhouse. Moisture content of
the different pots were monitored and adjusted periodically in
the course of the incubation experiment. The temperature in
the greenhouse ranged from 25 to 33◦C, whereas the relative
humidity was 50–70%.

For improved nutrient synchrony, nitrogen synchrony index
(NSI) and phosphorus synchrony index (PSI) were computed
at 14, 42, and 84 days after incubation (DAI) to determine the
synchrony between nutrient release from the treatments and the
crop nutrient requirement of maize. Before the estimation of NSI,
leaching losses were accounted for, by adapting the N-leaching
regression model by DeWilligen (31):

N leaching = 21.37 + (P/C × L) × (0.0037×NF

+ 0.000060×OC − 0.00362×NU) (2)

where P, annual precipitation; C, % clay content; L, rooting depth;
F, N content of mineral fertilizer and compost; OC, organic
carbon content of the soil; and NU, N uptake by the crop. The
soil mineral nitrogen and available phosphorus estimated at each
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sampling time were transformed into unit-less values with the aid
of a linear scoring function on a scale of 1–10. The transformed
values were then used to estimate NSI and PSI as shown in
Equations 3 and 4.

NSI =

(
∑n

t=i Ni

)

n
(3)

PSI =

(
∑n

t=i Pi
)

n
(4)

where Ni, score value for nitrogen synchrony; Pi, score value for
phosphorus synchrony; and t = number of sampling times.

Nutrient priming effect was determined at 14, 42, and 84 DAI
by adopting Equation 5 below by Kuzyakov et al. (21).

PE = N release(comb) −
(

N release(fert) − N release(ctrl)
)

−
(

N release(comp) − N release(ctrl)
)

− N release(ctrl) (5)

where; PE, priming effect; N release(comb), nutrient released
from combined application of compost and mineral fertilizer;
N release(fert), nutrient released from sole fertilizer treatment; N
release(comp), nutrient released from sole compost treatment; and
N release(ctrl), nutrient released from the control.

General fertility improvement mechanism was assessed by
determining soil organic carbon, total N, available P, and
exchangeable K of the treatments at the start (Day 0) and end
of incubation (84 DAI). For the balanced ratio mechanism,
Ca:Mg; K:Mg; P:Zn; and Fe:Mn ratios were determined at Day 0
and at 84 DAI.

Data Collection and Laboratory Analyses
Prior to the setting up of the greenhouse incubation experiment,
particle size distribution, moisture content, pH, organic carbon,
and micronutrients (Zn, Fe, and Mn) were determined by the
methods described by Motsara and Roy (32). Total N, available P,
exchangeable K, Ca, andMgwere also determined using standard
protocols by Motsara and Roy (32). The compost used was also
characterized for total C, N, P, K, Ca, Mg, Na, Zn, and Fe using
standard protocols as described by Motsara and Roy (32).

Statistical Analyses
Data collected during the experiment were subjected to Analysis
of Variance (ANOVA) using General Statistical Software Package
(33). Data on maize grain yield during the field experiment
was analyzed using a two-way ANOVA with randomized blocks
procedure. For the greenhouse incubation experiment, data
collected were subjected to two-way ANOVAwith CRD Principal
Component Analysis (PCA) in JMP Pro 13.0.0 (34) was used to
quantify the relative contributions of the mechanisms. Principal
components were identified as the variables having Eigen value
>1 and a cumulative percentage variance of ≥80% (35). The
variables with absolute loadings of ≥0.50 were identified as the
significant variables contributing to each principal component.

TABLE 2 | Effect of compost and mineral fertilizer application on maize grain yield.

Nutrient input 2015 2016 2017

Mineral

fertilizer (%RR)

Compost

(%RR)

Grain yield (Mg ha−1)

0 0 1.35 2.99 2.77

25 1.50 2.23 2.67

50 1.19 3.35 3.98

75 1.76 4.85 3.96

100 1.56 4.15 4.76

25 0 3.08 3.12 3.97

25 1.97 2.73 3.62

50 2.55 4.29 4.15

75 3.47 3.78 3.52

100 2.47 3.63 4.47

50 0 2.99 2.80 3.91

25 1.66 4.24 3.61

50 3.33 3.54 4.52

75 3.20 2.63 4.08

100 3.53 3.89 5.48

75 0 2.40 3.44 4.04

25 2.63 2.64 4.84

50 3.00 3.56 3.98

75 3.14 5.68 4.66

100 2.96 4.40 5.13

100 0 2.23 3.31 3.77

25 2.83 4.87 3.42

50 2.42 3.40 3.49

75 3.44 3.24 4.12

100 3.34 5.12 3.41

Fpr. (MF × Co) <0.001 <0.001 <0.001

LSD(0.05) 0.58 0.51 0.63

CV (%) 13.80 8.40 9.50

Fpr. (MF) <0.001 <0.001 <0.001

Fpr. (Co) <0.001 <0.001 <0.001

Values are means of three replicates. %RR MF, percentage recommended rate of mineral

fertilizer; %RR Co, percentage recommended rate of compost; LSD, least significant

difference; RYI, relative yield increase.

RESULTS

Effects of Conjoint Application of Compost
and Mineral Fertilizer on Grain Yield of
Maize, Soil Chemical Properties and Added
Benefits in Grain Yield
Generally, the conjoint use of compost and mineral fertilizer
significantly (p ≤ 0.001) increased grain yield throughout the
3-year experimental period (Table 2). On average, maize grain
yields observed during the 2016 and 2017major cropping seasons
were 43 and 56%, respectively, superior to the yield recorded in
2015. The application of 50%RRMF + 100%RRCo produced the
highest average grain yields with relative increases of 167 and
98% over the control in 2015 and 2017, respectively. However, in
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TABLE 3 | Effect of compost and mineral fertilizer application on soil chemical

properties at the end of 3 years cropping.

Nutrient input Soil chemical properties

Mineral fertilizer

(%RR)

Compost

(%RR)

Organic C

(%)

Total N

(%)

Av. P

(mgkg−1)

Exch. K

[cmol(+)kg
−1]

0 0 1.0 0.08 6.3 0.12

25 1.1 0.08 7.6 0.12

50 1.0 0.09 7.7 0.15

75 1.1 0.09 8.2 0.32

100 1.1 0.08 7.4 0.21

25 0 0.9 0.11 8.1 0.13

25 1.1 0.09 7.9 0.12

50 1.2 0.09 9.5 0.14

75 1.1 0.08 9.2 0.23

100 0.9 0.08 7.4 0.14

50 0 1.0 0.08 7.5 0.10

25 1.4 0.11 8.9 0.18

50 1.1 0.09 10.1 0.13

75 1.1 0.09 8.6 0.13

100 1.1 0.08 18.3 0.14

75 0 0.9 0.08 6.6 0.13

25 1.1 0.11 11.8 0.24

50 1.2 0.08 9.3 0.13

75 1.0 0.11 10.1 0.23

100 1.1 0.11 8.6 0.23

100 0 1.3 0.11 7.6 0.18

25 1.0 0.09 16.5 0.18

50 1.0 0.09 26.2 0.13

75 1.0 0.11 11.5 0.16

100 0.9 0.08 11.0 0.18

Mean 1.1 0.09 10.1 0.17

Fpr. (MF × Co) <0.001 <0.001 <0.001 <0.001

LSD (0.05) 0.1 0.01 4.02 0.05

Values are means of three replicates. %RR MF, percentage recommended rate of

mineral fertilizer; %RR Co, percentage recommended rate of compost; LSD, least

significant difference.

2016, the highest grain yield of 5.12Mg ha−1 was recorded under
100%RRMF+ 100%RRCo.

The conjoint application of nutrients significantly (p < 0.001)
influenced soil organic C, total N, available P, and exchangeable
K at the end of the field study (Table 3). The application of
100%RRMF + 100%RRCo always resulted in a lower soil organic
C which was 10% lower than the control 0%RRMF + 0%RRCo at
the end of the 3-year field experiment. For total N, 75%RRMF+
75%RRCo, 100%RRMF+ 75%RRCo, and 75%RRMF+ 100%RRCo
recorded increased total N which was 38% relatively greater
than the control at the end of the field study. After 2 years of
amendment application, the soil exchangeable K of the different
treatments generally increased with values ranging from 0.10 to
0.32 cmol(+) kg

−1 soil.
The highest added benefits in grain yield during the

2015, 2016, and 2017 major cropping seasons were 906.00 kg
ha−1 (100%RRMF + 100%RRCo), 2,327.80 kg ha−1 (100%RRMF

+ 25%RRCo), and 903.20 kg ha−1 (75%RRMF + 25%RRCo),
respectively (Figure 1). Antagonistic interactions were also
recorded during the 2015 (−26.80 to −1,479.90 kg ha−1), 2016
(−34.40 to−2,028.90 kg ha−1), and 2017major cropping seasons
(−195.40 to −2,340.80 kg ha−1) (Figure 1). The highest added
benefit observed from the conjoint application of 100%RRMF
+ 25%RRCo (2,327.80 kg ha−1) was not significantly (p >

0.05) different from the application of 50%RRMF + 25%RRCo
(2,201.20 kg ha−1). Generally, more positive added effects were
observed among the treatments in 2015 (36%) and 2016 (24%)
compared to 2017 (4%).

Evaluation of Mechanisms Influencing
Added Benefits
The results showed a significant (p ≤ 0.05) N availability from
days 14 to 84 among the treatments (Table 4). In general, there
were fluctuations in mineral N availability over the incubation
period. However, on average, mineral N availability were 112.3,
102.5, and 88.1 kg ha−1 at 14, 42, and 84 DAI, respectively. It was
also observed that the application of 100%RRMF+ 50%RRCo and
100%RRMF + 100%RRCo resulted in higher N availability than
the initial soil mineral N content from 14 to 84 DAI (Table 4).
Conjoint application of compost and mineral fertilizer also had
a significant (p ≤ 0.05) influence on available P content among
all the treatments throughout the incubation period (Table 4).
Phosphorus content increased with values ranging from 9.16 to
17.79 kg ha−1 relative to the initial P content of the soil prior to
incubation (8.04 kg ha−1). In general, the P content increased by
62% after 14 DAI.

The results showed that the treatments recorded highest NSI
of 10 at the start of incubation (Table 5). The nutrient inputs
did not have a significant (p > 0.05) effect on NSI. However,
it was observed that, N synchrony scores generally reduced at
the start of incubation to 84 DAI. Cumulatively, the highest
NSI of 7.2 was recorded under 25%RRMF + 50%RRCo followed
by 75%RRMF + 100%RRCo (7.1). The least cumulative NSI
was recorded under 0%RRMF +75%RRCo (4.2). The phosphorus
synchrony scores and index were not significantly (p > 0.05)
influenced by the conjoint application of compost and mineral
fertilizer throughout the incubation period (Table 5). The highest
PSI of 10 was recorded at the start of incubation. The highest
PSI of 10 was recorded under the application of 100%RRMF
+ 50%RRCo and 100%RRMF + 100%RRCo. Mean P synchrony
scores recorded were 9.8, 6.5, and 8.9 at 14, 42, and 84
DAI, respectively.

The results showed that, nitrogen priming was significantly (p
≤ 0.05) influenced by the treatments at 84 DAI (Table 6). At 14
DAI, almost all the treatment combinations recorded a negative
N priming effect, with values ranging from −52.5 to −3.2mg
kg−1. The only treatment with a positive N priming effect at
14 DAI was 50%RRMF + 100%RRCo with N priming effect of
6.0mg kg−1. Alternating positive and negative priming effects
was observed throughout the incubation period except 25%RRMF
+ 50%RRCo and 75%RRMF + 100%RRCo which gave a negative
N priming effect from 14 to 84 DAI. Generally, the conjoint
application of 75%RRCo with different %RR of mineral fertilizer
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FIGURE 1 | Added benefit in maize grain yield from the combined application of mineral fertilizer and enriched compost.

resulted in positive P priming effect; 25%RRMF + 75%RRCo
recording the second highest P priming effect at 14 DAI (1.92mg
kg−1) which was statistically similar to 25%RRMF + 75%RRCo
(1.92mg kg−1) at 14 DAI. It was observed that, approximately
38% of the treatment interactions recorded positive P priming
effects at 14 DAI. Unlike the other treatments which had positive
and negative fluctuations in the P priming effects, 50%RRMF +

25%RRCo, 50%RRMF + 50%RRCo, 75%RRMF + 50%RRCo and
100%RRMF + 100%RRCo recorded a negative P priming effect
throughout the incubation period.

With the exception of organic carbon and exchangeable K
contents which were not significantly (p > 0.05) influenced by
the treatments at the end of 84 DAI, total N and available P were
significantly (p ≤ 0.05) influenced by the application of compost
and mineral fertilizer under the different treatments (Table 7).
There was a general reduction of 48% in soil organic carbon
content at 84DAI relative to the soil organic carbon content
before incubation (1.24%). At the end of the 84 days incubation
period, it was observed that the conjoint application of compost
and mineral fertilizer significantly (p ≤ 0.05) increased total
N contents of the treatments from 0.08 to 0.11%. The highest
nitrogen content of 0.11% was recorded in 100%RRMF +

25%RRCo, 75%RRMF + 50%RRCo, and 75%RRMF + 75%RRCo.
Available P contents of the treatments were also significantly (p≤
0.05) increased by 21% following the application of compost and
mineral fertilizer at the end of the incubation period (Table 7).
The available P content of the different treatments ranged from
3.69 to 12.78mg kg−1 with 50%RRMF + 100%RRCo recording
the highest available P content (12.78mg kg−1) while there was a
decrease in exchangeable K content at 84 DAI. The exchangeable

K content of the treatments ranged from 0.16 to 0.59 cmol(+)

kg−1 compared to the initial soil exchangeable K content
of 0.76 cmol(+) kg

−1.
The results showed that all the nutrient ratios were not

significantly (p > 0.05) increased by the conjoint application of
compost and mineral fertilizer (Table 8). Generally, Ca:Mg ratio
and P:Zn increased at 84 DAI. The highest balanced Ca:Mg ratio
of 7:1 was recorded for the 50%RRMF + 50%RRCo treatment
while treatment 75%RRMF + 0%RRCo recorded the highest
balanced P:Zn ratio of 31:1.

Three principal components were found to cumulatively
explain approximately 86% of the variation among nutrient
synchrony, priming, GFI, and balanced ratios of nutrients
(Table 9). The first two principal components explained
approximately 66% of the variation resulting from the interaction
among the different mechanisms (Table 9). Principal component
1 (PC 1) explained 39% of the variation, which was highly
contributed by priming effect (PE) and balanced nutrient ratios
(BR) with Eigen vector scores of 0.64 and 0.51, respectively
(Table 9). Principal component 2 (PC 2) explained 27% of the
variation, which was highly contributed by nutrient synchrony
(NS). Principal component 3 (PC 3) explained approximately
20% of the variation which was highly contributed by balanced
nutrient ratios and GFI (Table 9). The equations derived
from the principal components in relation to the mechanisms
influencing the interactive effect in maize grain yield is
as follows:

Added benefit = 0.64PE+ 0.82NS+ 0.71BR+ 0.70GFI (6)
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TABLE 4 | Effect of compost and mineral fertilizer application on nutrient availability.

Nutrient input Mineral N availability Phosphorus availability

(kg ha–1) (kg ha–1)

Mineral fertilizer (%RR) Compost (%RR) 14 DAI 42 DAI 84 DAI 14 DAI 42 DAI 84 DAI

0 0 75.50 57.30 96.80 9.88 10.31 9.99

25 117.00 82.30 65.30 11.97 9.91 11.00

50 78.60 87.50 70.30 12.01 11.90 16.65

75 76.40 89.50 67.70 12.87 11.15 7.38

100 83.80 60.60 70.10 16.49 13.26 12.18

25 0 99.10 119.20 70.40 9.16 9.26 11.47

25 94.40 106.30 70.50 10.68 11.21 7.27

50 80.80 100.90 36.20 11.83 11.20 10.13

75 81.80 92.60 77.90 16.00 11.78 9.31

100 77.60 63.10 74.70 12.32 16.05 9.14

50 0 89.50 80.00 94.90 9.39 17.91 13.84

25 111.60 85.70 82.40 11.01 13.09 11.28

50 89.30 149.90 118.10 11.19 12.49 9.53

75 84.90 101.00 101.50 15.19 14.33 9.40

100 112.80 82.20 99.20 11.31 15.43 25.55

75 0 157.30 76.00 118.90 11.85 14.77 10.62

25 168.80 140.40 95.70 11.86 19.93 9.26

50 115.50 147.60 105.80 13.63 12.58 10.98

75 116.20 110.40 82.70 15.34 15.23 11.59

100 138.10 52.20 66.70 17.79 21.44 11.90

100 0 203.70 150.60 105.20 10.85 14.52 13.13

25 161.10 99.70 95.20 16.81 16.14 13.99

50 170.40 137.50 134.90 15.79 16.63 13.84

75 102.60 152.00 95.20 12.92 15.44 10.60

100 124.80 137.50 107.00 17.37 16.65 14.71

Mean 112.30 102.50 88.10 13.02 14.10 11.79

Fpr. (MF × Co) 0.012 0.003 < 0.001 < 0.001 0.029 0.015

LSD (0.05) 36.99 40.23 22.58 2.73 4.14 6.31

CV (%) 20.10 23.90 15.60 12.80 17.90 32.70

Values are means of three replicates. %RR MF, percentage recommended rate of mineral fertilizer; %RR Co, percentage recommended rate of compost; LSD, least significant difference;

DAI, days after incubation. The initial mineral N release is 106.84 kg ha−1. The initial P release is 8.04 kg ha−1.

The treatments were grouped into three major clusters
with treatments 4, 21, and 23 being highly influenced by
balanced nutrient ratios (Figure 2). The second cluster of
treatments were treatments 7, 2, 13, 16, and 17. The interactive
effect resulting from these treatments were influenced by
priming mechanism. The last cluster was made up of the
remaining 17 treatments, which was distributed among the
four mechanisms.

DISCUSSION

It is widely reported that, crop growth and yield are a function
of the product of the crop’s genetic make-up and the prevailing
environmental conditions. Thus, low soil nutrients will limit crop
growth and yield (4). Due to the generally low fertility status of
the soil at the study area, it was expected that, the application of
mineral fertilizer and compost to the maize crop would increase

grain yield. On the other hand, Golabi et al. (36) and Fening
et al. (37) suggested that, cattle manure compost could be a
good substitute for NPK in maize production as they observed
no significant difference in maize grain yields. Throughout the
three cropping seasons, the grain yield of maize obtained from
sole mineral fertilizer (100%RRMF + 0%RRCo) was significantly
different (p ≤ 0.05) from the sole compost (0%RRMF +

100%RRCo). The general increase in average grain yield across the
cropping years can be attributed to the cumulative effect as well as
the residual impact of nutrients left in the soil after harvest over
the successive years (38). The general increase in grain yield after
the 2015 cropping season corroborates the findings by Kombiok
et al. (38) who observed general increases in grain yield and
yield components of maize after the first year of cropping with
percentage grain yield increase of 57% under plots organically
amended in 2009 relative to 2008, indicating the positive benefits
of the residual effects of the treatments applied.

Frontiers in Soil Science | www.frontiersin.org 7 April 2021 | Volume 1 | Article 630851

https://www.frontiersin.org/journals/soil-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/soil-science#articles


Essel et al. Mechanisms Underlying Nutrient Input Interaction

TABLE 5 | Nutrient synchrony index as influenced by compost and mineral fertilizer application.

Nutrient input Nitrogen synchrony scores NSI Phosphorus synchrony scores PSI

Mineral fertilizer (%RR) Compost (%RR) 14DAI 42DAI 84DAI 14DAI 42DAI 84DAI

0 0 7.5 10.0 2.0 6.5 8.9 7.0 9.2 8.4

25 9.9 6.2 1.2 5.8 10.0 1.2 10.0 7.1

50 6.3 7.0 2.6 5.3 10.0 4.3 10.0 8.1

75 7.5 4.0 1.0 4.2 10.0 2.1 6.8 6.3

100 7.2 7.1 3.3 5.9 10.0 8.2 8.6 8.9

25 0 9.1 4.0 1.0 4.7 8.5 4.0 8.1 6.8

25 8.9 4.0 1.6 4.8 9.8 2.8 6.8 6.4

50 8.2 7.0 6.3 7.2 10.0 5.0 8.6 7.9

75 10.0 4.0 1.0 5.0 10.0 2.8 8.5 7.1

100 7.3 7.0 3.3 5.9 10.0 7.0 8.8 8.6

50 0 8.4 4.4 1.0 4.6 8.7 10.0 8.8 9.2

25 10.0 7.0 1.0 6.0 9.8 5.7 8.4 8.0

50 8.6 4.0 1.0 4.5 9.9 5.3 8.1 7.8

75 9.2 4.0 1.0 4.7 10.0 6.1 9.0 8.4

100 9.7 6.4 1.1 5.7 10.0 7.5 10.0 9.1

75 0 8.9 4.0 1.0 4.6 9.3 7.7 8.1 8.4

25 10.0 4.0 1.0 5.0 10.0 7.0 8.7 8.6

50 9.6 4.0 1.0 4.9 10.0 5.7 8.6 8.1

75 9.4 4.0 1.4 4.9 10.0 6.4 8.5 8.3

100 9.8 7.0 4.6 7.1 10.0 10.0 9.8 9.9

100 0 10.0 4.0 1.0 5.0 9.5 8.7 10.0 9.4

25 10.0 2.9 1.0 4.6 10.0 8.6 10.0 9.5

50 10.0 1.0 4.0 5.0 10.0 10.0 10.0 10.0

75 9.6 4.0 1.9 5.1 9.8 8.0 7.9 8.6

100 10.0 2.3 1.0 4.4 10.0 10.0 10.0 10.0

Mean 9.0 4.9 1.9 5.3 9.8 6.5 8.9 8.4

Fpr(MF × Co) 0.534 0.990 0.398 0.927 0.927 0.943 0.838 0.853

Values are means of three replicates. %RR MF, percentage recommended rate of mineral fertilizer; %RR Co, percentage recommended rate of compost; LSD, least significant difference;

NS, not significant; DAI, days after incubation; NSI, nitrogen synchrony index; PSI, phosphorus synchrony index. The initial N and P synchrony score is 10.

Nutrient interaction in crop plants is a major factor known
to influence the yield of annual crops since the supply of one
nutrient can influence the absorption and utilization of other
nutrients (6, 7). From this study, significant (p= 0.001, p≤ 0.001,
p≤ 0.001) nutrient interaction effects were recorded with respect
to grain yields of maize in 2015, 2016, and 2017, respectively
(Figure 1). The added disadvantages (antagonistic interactions)
which occurred in most of the treatments, especially in 2017
could be due to the relatively low yield produced by the conjoint
application of mineral fertilizer and compost at harvest relative
to grain yield from either sole compost or mineral fertilizer
(Table 2). Similarly, Gentile et al. (39) observed antagonistic
interactions from the conjoint application of mineral fertilizer
and organic inputs. Roy et al. (5) and Bindraban et al. (40)
reported that, antagonistic interactions resulted mainly from
imbalanced nutrient supply and suboptimal nutrient ratios
required for the proper growth and development of crops. The
nutrient ratios determined in this study were lower than the
standard balanced ratios as recommended by Sait (25, 26). This
could have contributed to the negative added benefits in grain

yield of maize observed in this study. The positive added benefits
observed in this study was greater than those reported by Nhamo
(9), following the application of various combinations of cattle
manure and mineral fertilizer. Generally, the results obtained
from the added benefits in grain yield are similar to the findings
of Iqbal et al. (11) who emphasized that, higher grain yield of
maize was due to the beneficial effects of compost in supplying
nutrients other than N and P. The compost used in this study had
Ca (2.2%),Mg (2.9%),Mn (50mg kg−1), Zn (110.9mg kg−1), and
Fe (445.2mg kg−1), which could have played a complementary
role in increasing grain yield of maize and consequently added
benefits. This attests to earlier reports by Negassa et al. (41) and
Wang et al. (42).

Organic amendments contain nutrients that are released at
a rate determined by their resource quality or biochemical
characteristics. Hadas and Portnoy (43) emphasized that, there is
a balance between the amount of available N through microbial
decomposition of compost and the amount of N assimilated by
the microbes that feed on the compost. Carbon content and C:N
ratio of organic amendments are important indices for assessing
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TABLE 6 | Nutrient priming effect as influenced by combined application of compost and mineral fertilizer.

Nitrogen priming effect Phosphorus priming effect

(mg kg–1) (mg kg–1)

Nutrient input 14 DAI 42 DAI 84 DAI 14 DAI 42 DAI 84 DAI

25%RRMF + 25%RRCo −24.60 −19.00 15.80 −0.29 1.18 −2.60

50%RRMF + 25%RRCo −11.30 −9.70 9.50 −0.24 −2.21 −1.78

75%RRMF + 25%RRCo −16.50 19.70 4.10 −1.04 2.79 −1.18

100%RRMF + 25%RRCo −43.60 −37.90 10.80 1.93 1.02 −0.07

25%RRMF + 50%RRCo −12.20 −24.30 −3.80 0.27 0.18 −4.00

50%RRMF + 50%RRCo −3.20 19.90 24.80 −0.17 −3.50 −5.48

75%RRMF + 50%RRCo −24.00 20.70 6.70 −0.17 −1.89 −3.15

100%RRMF + 50%RRCo −19.80 −21.70 28.10 1.41 0.26 −2.97

25%RRMF + 75%RRCo −10.60 −29.40 18.30 1.92 0.84 0.23

50%RRMF + 75%RRCo −4.20 −5.60 17.90 1.40 −2.21 −0.91

75%RRMF + 75%RRCo −22.50 1.10 −3.60 0.25 −0.19 1.79

100%RRMF + 75%RRCo −52.50 −15.40 9.60 −0.46 0.04 0.04

25%RRMF + 100%RRCo −16.40 −29.70 15.60 −1.73 1.92 −2.26

50%RRMF + 100%RRCo 6.00 −0.60 15.50 −2.34 −2.71 4.76

75%RRMF + 100%RRCo −15.30 −13.60 −12.70 −0.33 1.86 −0.46

100%RRMF + 100%RRCo −45.10 −8.20 14.30 −0.04 −0.4 −0.30

Fpr. 0.559 0.214 0.009 0.186 0.620 0.476

LSD (0.05) NS NS 15.64 NS NS NS

Values are means of three replicates. %RR MF, percentage recommended rate of mineral fertilizer; %RR Co, percentage recommended rate of compost; LSD, least significant difference;

DAI, days after incubation.

their ability to decompose and release nutrients. However,
most soil amendments rarely release adequate nutrients for
optimum crop growth and yield (44). The results of this
study are contrary to the general rule for nutrient release
from organic inputs as proposed by Fairhurst (45) that organic
inputs with an N content <2.5% or C:N ratio >16 will cause
immobilization of soil nutrients over a prolonged period. The
highest nitrogen availability among the treatments was mostly
recorded within 2 weeks of incorporation into the soil allowing a
ready supply of nutrients to crops. The application of 75%RRMF
and 100%RRMF generally resulted in a peak nitrogen availability
at 14 DAI, whereas the application of 50%RRCo and 75%RRCo
staggered nitrogen availability till peaking at 42 DAI. Phosphorus
availability on the other hand, peaked at 42 DAI, corresponding
to 50% flowering during the maize crop in the field.

Maize crops have specific nutrient requirements at the
different phenological stages of crop growth (20). Hence,
synchronizing nutrient supply to crop demand will cause
reduction in nutrient losses and provide optimal nutrition for
the growth of crops (46). In this current study, the highest N
and P synchrony scores of 10 were recorded at the beginning
of incubation, after which the nutrient synchrony scores began
to reduce. In a related study, similar observations were made by
Badu (27) who reported the highest NSI and PSI of 10 at 7 DAI for
all the nutrient inputs applied. However, unlike Badu (27) who
reported very low NSI of 1 at 70 DAI, the average NSI recorded
at the end of incubation (84 DAI) in this study was 5.3. The NSI
presented in Table 5 suggests that on the average, 53% (NSI =

5.3) of the nitrogen requirements of maize was supplied by the
different treatments to synchronize with crop nitrogen demand.
Among the treatments, 25%RRMF+ 50%RRCo best synchronized
the nitrogen demand of maize with N release by supplying 72%
(NSI = 7.2) of the nitrogen requirements of maize, cumulatively
throughout the 84 days incubation period, followed by 71%
(NSI = 7.1) from 75%RRMF + 100%RRCo. Even though the
application of 25%RRMF+ 50%RRCo did not produce the highest
grain yield of maize, 25%RRMF+ 50%RRCo produced grain yield
which was 52% greater than the control during the 2017 cropping
season (Table 2). Similarly, 75%RRMF + 100%RRCo produced
grain yield which was also 83.25% greater than the control in
2017. However, this was not significantly different (p > 0.05)
from 50%RRMF + 100%RRCo which produced grain yield which
was 98% relatively superior to the control.

From Table 6, it can be observed that, nitrogen priming was
not significantly (p> 0.05) influenced by amendment application
during the incubation period. In a similar study by Badu (27),
the application of 100%RRMF + 100%RRCM resulted in the
highest N availability with a consequent positive N priming
effect of 93.72, 46.13, 58.69, and 50.46 kg ha−1 at 7, 28, 42,
and 56 DAI, respectively. On the contrary, the application of
50%RRMF + 50%RRCo resulted in the second-best total N
priming effect of 12.4 kg ha−1 at 42 DAI and 33.0 kg ha−1 at
84 DAI. The treatment with the best total N priming effect
was 25%RRMF + 75%RRCo. From the results, the type of N
priming observed in this study could be described as “real”
priming effect. According to Kuzyakov (22), though nutrient
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TABLE 7 | Effect of compost and mineral fertilizer application on general soil

fertility improvement at the end of incubation (84 DAI).

Nutrient input

Mineral

fertilizer (%RR)

Compost Org. C Total N Av.P Exch. K

(%RR) (%) (%) (mg kg−1) [cmol(+) kg
−1]

0 0 0.83 0.08 5.00 0.24

25 0.96 0.08 5.50 0.16

50 0.69 0.10 8.33 0.24

75 0.89 0.10 3.69 0.30

100 0.71 0.10 6.09 0.34

25 0 0.86 0.09 5.73 0.35

25 0.73 0.09 3.64 0.22

50 0.76 0.08 5.06 0.33

75 0.67 0.09 4.66 0.40

100 0.81 0.09 4.57 0.34

50 0 1.00 0.09 6.92 0.24

25 1.00 0.08 5.64 0.26

50 0.85 0.10 4.76 0.27

75 0.87 0.08 4.70 0.41

100 0.73 0.08 12.78 0.31

75 0 0.71 0.09 5.31 0.26

25 1.04 0.09 4.63 0.26

50 0.79 0.11 5.49 0.30

75 0.93 0.11 5.80 0.59

100 0.83 0.10 5.95 0.37

100 0 1.02 0.09 6.56 0.30

25 0.83 0.11 6.99 0.31

50 0.89 0.10 6.92 0.37

75 0.85 0.10 5.30 0.34

100 0.72 0.10 7.36 0.36

Mean 0.84 0.09 5.90 0.31

Fpr. (MF × Co) 0.993 0.028 0.015 0.079

LSD (0.05) 0.51 0.01 3.16 0.13

CV (%) 37.40 9.70 32.70 24.70

Values are means of three replicates. %RR MF, percentage recommended rate of mineral

fertilizer; %RR Co, percentage recommended rate of compost; LSD, least significant

difference; DAI, days after incubation.

priming occurs immediately after the addition of substrates,
“real” priming may be staggered for several days or weeks
after substrate addition as was also observed in this study. The
negative “real” priming of N generally observed at the beginning
of incubation could be due to the C:N ratio of the compost
used in addition to the mineral fertilizer (C:N ratio = 17.76),
which led to a microbial immobilization of Kuzyakov et al. (21)
reported that, substrates with C:N ratio >10 leads to negative
priming effect, whereas those with C:N ratio<8 results in positive
priming effect. The negative priming effect observed in most of
the treatments could have accounted for the added disadvantage
in the grain yield of maize (Figure 1). With regards to P priming,
alternating positive and negative P priming effects were observed
throughout the incubation period (Table 6). The results obtained
corroborate the findings of Chowdhury (47) who reported that,

TABLE 8 | Effect of compost and mineral fertilizer application on balanced ratios

of nutrients at the end of incubation (84 DAI).

Nutrient input Nutrient ratios

Mineral

fertilizer (%RR)

Compost

(%RR)

Ca:Mg K:Mg P:Zn Fe:Mn

0 0 1.6 0.1 10.7 0.6

25 3.4 0.2 10.8 0.4

50 3.3 0.3 9.8 0.5

75 5.4 0.4 6.3 0.5

100 3.0 0.3 19.2 0.4

25 0 2.7 0.3 16.5 0.5

25 3.1 0.2 9.6 0.4

50 3.0 0.4 5.6 0.4

75 4.3 0.6 8.6 0.4

100 2.5 0.3 13.0 0.3

50 0 4.2 0.4 8.9 0.5

25 2.4 0.2 11.6 0.4

50 7.0 0.4 8.7 0.5

75 2.7 0.3 10.1 0.5

100 2.8 0.3 23.7 0.5

75 0 5.6 0.5 31.0 0.4

25 2.7 0.2 8.4 0.3

50 1.7 0.2 9.9 0.5

75 3.5 0.6 7.1 0.3

100 2.7 0.3 7.8 0.4

100 0 3.4 0.3 21.5 0.3

25 3.8 0.3 10.3 0.4

50 1.8 0.2 10.1 0.3

75 2.3 0.3 20.2 0.4

100 3.4 0.3 10.3 0.3

Mean 3.3 0.3 12.4 0.4

Fpr. (MF × Co) 0.117 0.351 0.557 0.871

LSD (0.05) 3.28 0.27 18.05 0.26

Standard

balanced ratios

3:1 1:1 10:1 2:1

Values are means of three replicates. %RR MF, percentage recommended rate of mineral

fertilizer; %RR Co, percentage recommended rate of compost; LSD, least significant

difference; DAI, days after incubation.

the application of nutrient amendments to the soil does not only
cause mineralization (positive priming effect), but also temporal
immobilization (negative priming effect). The positive priming
effect could therefore be attributed to the active degradation of
soil organic matter by microorganisms present in soil (47).

General soil fertility improvement as a possible mechanism
for synergistic interactions mostly occurs as a consequence
of the supply of essential nutrient elements in adequate
proportions to the soil (24). Apart from total soil N and
available P which increased at the end of 84 DAI, organic carbon
and exchangeable K decreased (Table 7). The relatively weak
response of the nutrient inputs could be due to the short-
term duration of the incubation experiment. Liza et al. (48)
reported that, the integrated application of organic and inorganic

Frontiers in Soil Science | www.frontiersin.org 10 April 2021 | Volume 1 | Article 630851

https://www.frontiersin.org/journals/soil-science
https://www.frontiersin.org
https://www.frontiersin.org/journals/soil-science#articles


Essel et al. Mechanisms Underlying Nutrient Input Interaction

TABLE 9 | Eigen values, percentage variation, and Eigen vectors explaining

variations among mechanisms.

Principal components

PC 1 PC 2 PC 3 PC 4

Eigen values 1.57 1.07 0.79 0.57

Variance (%) 39.18 26.79 19.69 14.34

Cumulative variance (%) 39.18 65.97 85.66 100.00

Eigen vectors

Nutrient synchrony −0.30 0.82 0.05 0.48

Priming effect 0.64 −0.20 −0.01 0.74

Balanced ratios of nutrients 0.51 0.34 0.71 −0.34

GFI −0.49 −0.41 0.70 0.32

GFI, general fertility improvement, PC, principal component. The bold Eigen vectors

denote the significant variables with absolute loadings ≤ 0.50 contributing to each

princicpal component.

FIGURE 2 | A principal component bi-plot showing the relationship among the

different mechanisms to added benefits.

fertilizers positively impacts the physical, chemical and biological
properties of soil, especially in the long-term.

Comparing the initial organic carbon content to the final
carbon content after incubation (1.24%), the organic carbon was
generally reduced from 1.24 to 0.84% at the end of the incubation
period (Table 7). Organic inputs are known to be a major driving
force of all soil microbial activities due to their high concentration
of organic carbon (49). It was observed that, among the different
soil parameters measured at the end of incubation, the conjoint
application of compost andmineral fertilizer did not significantly
(p > 0.05) influence total soil organic carbon. Similar findings

were observed by Badu (27) who reported a lack of response of
soil organic carbon to nutrient inputs.

Considering the initial low fertility status of the soil, it is
likely that the conjoint application of compost and mineral
fertilizer increased the total N and available P content of the soil,
leading to improved soil fertility. Okalebo et al. (50) reported
similar findings where the combined application of organic and
inorganic nutrient sources resulted in general improvement in
soil fertility. Though, the general increase in soil available P at
the end of incubation is a desirable advantage in soil fertility
improvement, it contradicts the findings by Sharpley (51) who
observed a general decline in available soil P with time. Laboski
and Lamb (52) and Spychaj-Fabisiak et al. (53), however, reported
an increase in soil available P over time, during incubation. These
authors opined that, the increase in soil available P over time
was as a result of microbially mediated mineralization of soil
organic P, to form inorganic P at a faster rate. The increase in
soil available P at 84 DAI could also be due to the closed system
used which might have reduced nutrient loss to the surrounding
environment. The absence of plants in the incubated soil was
also a contributing factor to increased P availability at the end
of incubation, since the mineralized P was not taken up by plants
as previously suggested by Opala et al. (54).

The study revealed that, nutrient ratios determined at the end
of the incubation experiment were not significantly (p > 0.05)
influenced by the conjoint application of compost and mineral
fertilizer. According to Graeme Sait’s Six secrets to Soil Test
Success [Part 1, Part 2; (25, 26)], balanced nutrient ratios of 3:1,
1:1, 10:1, and 2:1 for Ca:Mg, K:Mg, P:Zn, and Fe:Mn, respectively,
are recommended for proper growth of crops. The K:Mg and
Fe:Mn nutrient ratios recorded at the end of the incubation
experiment were relatively lower than those recommended by
Sait (25, 26). The high concentration of magnesium, phosphorus,
and manganese in the soil reduced the uptake of potassium,
zinc, and iron, respectively, and hence the low nutrient ratios.
These imbalanced ratios of nutrients could have contributed to
the antagonistic interactions in grain yield reported in Figure 1,
confirming the assertion by Roy et al. (5) that, when nutrients
required for proper growth and development of crops are
supplied in an unbalanced proportion, antagonistic interactions
will result. Furthermore, the imbalanced nutrient ratios could
have been as a result of the soil pH. Since most soil nutrients
are available within the pH range of 6.0–7.5, the extremely
acidic to slightly acidic pH (4.3–6.4) observed at the end of
the incubation experiment could have resulted in the decline of
nutrient availability leading to imbalanced nutrient ratios. These
results are similar to those of Roem and Berendse (55) who
further reported that, soil pH has a strong influence on nutrient
ratios and that acidic pH of soil resulted in a decrease in the
release of soil P and K, thereby increasing N:P and N:K ratios.
The balanced P:Zn ratios observed could be attributed to the
rock-phosphate improved compost that was applied.

The positive effect of nutrient amendments on crop yields are
attributed to different, but not mutually exclusive mechanisms
(18). The PCA showed that, priming effect, balanced nutrient
ratios, and nutrient synchrony were the most dominant
mechanisms contributing most to the synergistic interactions
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resulting from the conjoint application of compost and mineral
fertilizer application to the maize crops. These three mechanisms
explained 66% of the variation in added benefits. The strong
positive correlation between available soil P and PSI (0.51), and
K:Mg and Ca:Mg ratio (0.62) could have accounted for the
synergistic interaction recorded in some of the treatments. The
observations from this study are similar to that of Badu (27) who
reported that NSI, PSI, and priming effect contributed 84% of the
variation in added benefit resulting from the conjoint application
of cattle manure and mineral fertilizer to maize.

CONCLUSION

This study has quantified added benefits/disadvantages resulting
from the conjoint application of compost and mineral fertilizer
to maize, and the underlying mechanisms resulting in added
benefits in maize grain yield. Both synergistic and antagonistic
interactions were observed among the treatments implying that,
the conjoint application of compost and mineral fertilizer to
crops may either be advantageous or disadvantageous. The
dominant mechanisms contributing most to added benefits
following the conjoint application of compost and mineral
fertilizer application to maize crops were priming effect, nutrient
ratio, and nutrient synchrony. This study has confirmed the null
hypothesis of this research that, added benefits/disadvantages
resulting from the conjoint application of compost and mineral
fertilizer to maize is driven by underlying mechanisms such as

improved nutrient synchrony, priming effect, GFI, and balanced

ratios of nutrients. Thus, for further increases in grain yields
and food security, interventions that aim at improving these
mechanisms must be implemented.
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