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INTRODUCTION

Maize (Zea mays L.) is a member of the
grass family Poaceae (Toungos et al.,
2019). Maize is a Cs4 plant, short duration
and quick growing crop. Maize is one of
such staple foods and one of the main
sources of calorie (Zamir et al., 2013).
However, it is regarded as the most
important cereal in the world after wheat
and rice with regard to area cultivated and
total production (Oladejo and Adetun;ji,
2012). Globally, maize is the most widely
cultivated cereal and it is grown in a range
of agro-ecological environments, over an
area of 159 million hectares with a
worldwide production of 1.134 billion

metrics tones in 2017. The largest producer,
the United States topped the list of 6 maize
producing countries which include China,
Brazil, Argentina, Ukraine and India with
an amount of about 366.6 million metric
tons in 2018 (Shahbandeh, 2019). Nigeria
leads African countries with nearly 11
million tones, on 6.5 million hectares of
land with average yield of 1.6 tons per
hectare and guinea savannah is the largest
maize producing zone in Nigeria in 2018
(IITA, 2011; FAO, 2019).

The popularity of maize in Nigeria is partly
due its high value as a food crop as well as
fodder and source of fuel for rural
communities. However, maize is used in
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many ways than any other cereal. It is used
as human food, as a source of income, as
fuel, feed for livestock and industrial
purposes (Mosisa et al., 2002). In Nigeria
maize yields remain low when compared to
hectares of land under production with a
decreasing trend over several years. For
instance, in 2016, average maize vyields
were 1.75tha ! as compared to 1.59that in
2017, which represents a 9.14% decrease in
yield (Knoema, 2020). Studies conducted
by Offiah (2015) shows that industries
consumed over 60% of maize production
and less than 40% to household
consumption. Different factors are
responsible for the low yield of the crop.
Soil fertility and inappropriate crop
nutrition management are some of the
factors responsible for low yield of maize
(Shah et al., 2009). In many parts of Africa
including Nigeria, continuous cultivation of
land with inappropriate farming methods is
causing severe depletion of nutrients and
soil organic matter, posing a serious threat
to agricultural productivity and
sustainability (Endris and Dawid, 2015).
Loss of organic matter, macro and
micronutrients’ depletion, soil acidity,
topsoil erosion and deterioration of
physical soil properties are some of the
primary causes of declining soil fertility
(Zelleke et al., 2010). Initially, maize
yields were increased by applying large
amounts of inorganic fertilizers. However,
this has led to soil problems such as soil
degradation, declining crop vyields, and
global environmental issues. Thus, we need
to develop and adopt environmentally
friendly alternatives that can supplement or
replace inorganic fertilizers. Organic
fertilizers are environmentally sustainable
and can maintain soil health when used in
intensive maize cultivation. They help to
conserve the amount and quality of organic

matter in the soil, and supply N, P, K, and
essential micronutrients (Timsina and
Connor, 2001). Despite their huge
potentials, using organic fertilizers alone is
not efficient as they have a low nutrient
content compared to inorganic fertilizers.
Plants cultivated on organic fertilizer
amended soil alone may suffer from
nutrient deficiencies and produce low
yields. However, the application of organic
manure integrated with inorganic fertilizers
helps neutralize soil pH, increased organic
carbon levels and improved macro- and
micronutrient availability, physical
properties, and microbial activity (Liu et
al., 2009), thereby increasing crop yields
(Kumar et al., 2014). High yielding
varieties have a high nutrient demand and
are very responsive to fertilizer inputs.
However, these varieties also mine the soil
at higher rates than traditional varieties.
Several studies confirmed that integrated
application of organic and chemical
fertilizer gave superior effect in terms of
improved soil fertility and balanced plant
nutrient (Ibrahim et al., 2018a; Ibrahim et
al., 2018b; Ibrahim et al., 2017 and Shah et
al., 2017). The objective of the study is to
evaluate the effect of NPK, 20-10-10, green
manure and their combinations on the
nutrient uptake of maize.

MATERIALS AND METHODS
Experimental Site and Soil
Characteristics:

The field experiment was conducted for
two consecutive crop cycles (2015 and
2016) at the Research Farm of the Leventist
Farm, Tumu (9° 55’ N and 10° 58’ E at an
altitude of 325 m above sea level), in the
Northern Guinea Savanna ecological zone
of Nigeria with a mean annual temperature
of about 31° C (minimum 26.9 °C and
maximum 34 °C). The annual rainfall for
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the duration of the study was 369.4 and
2183.2 mm for 2015 and 2016, respectively
(Ibrahim et al., 2017). Soil analyses of the
experimental field before planting in 2015
were determined by standard procedures as

described by Page et al. (1982). The
physico-chemical analyses of the soils are
presented in Table 1. The chemical analysis
of the incorporated green manure crops is
presented in Table 2.

TABLE 1: SOIL PHYSICOCHEMICAL PROPERTIES BEFORE THE EXPERIMENT

Parameter Value

Parameter Value

Sand content 76.5%
Silt content 12.5%
Clay content 11.0%
Textural class Sandy loam
pH(CaCly) 5.0
Organic carbon (gkg™) 5.4
Total nitrogen (gkg™) 0.04
Available. P (mg/kg) 6.8
Ca?* (cmol (+)/kg) 2.32
Mg?* (cmol (+)/kg) 0.50
K*  (emol (+)/kg) 0.15

TABLE 2: CHEMICAL COMPOSITION OF THE GREEN MANURE CROPS USED

IN THE EXPERIMENT

Parameter Value N% P% K% OC% C:N
Centrosema 1.35 0.36 1.22 19.65 15.0
Lablab 3.29 0.51 1.29 34.15 11.0
Mucuna 241 0.43 0.96 27.45 11.0
Sesbania 3.35 0.41 1.31 33.10 10.0

Treatments and Experimental Design

The experimental area was 18 m x 45 m
(810 m?), the gross plot size was 5 m x 4 m
(20 m?) while 1 m and 0.5 m was left
between block and plots, respectively. The
net plot was 3 m x 3 m =9 m% The
experimental plots were in a Randomized
Complete Block Design (RCBD) with three
replications. The treatments consisted of
Centrosema sole (T1); Centro (Centrosema)
+ Neo P30 K15 kg ha® (T2); Lablab sole (Ts);
Lablab + Neo P30 Kis kg ha (T4); Mucuna
sole (Ts); Mucuna + Ngo Pso Kis kg hat
(Te); Sesbania sole (T7); Sesbania + Nso P30
Kis kg hat (Ts); recommended Ni2o Pso Kso
kg ha? fertilizer (To) and Control (T1o).

Sowing of green manure crops (Centro,
Lablab, Mucuna and Sesbania) was done at
two seeds per hole with spacing of 37.5 cm
x 25 cm and incorporated into the soil at six
weeks after sowing. A week after
incorporation, the seeds of maize (variety
SYN 8 PVA) were dressed with Apron Star
42 WS at the rate of 10 g sachet per 4 kg
seeds for protection against soil and seed
borne pests and diseases. NPK fertilizers
(20-10-10) were applied two weeks after
sowing (2WAS) at a rate of N120 Peo K3o kg
ha't in plots treated with fertilizer only and
Neo P30 Kis kg ha in plots treated with
green manure and fertilizer.
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Data collection and analysis

Five tagged plants from each net plot i.e.
the three inner rows of each plot were
selected randomly for observations and
record taking. Grain and stover samples
were taken at the time of harvest. The
samples were shade-dried and then
transferred to oven and dried at 65 °C. The
nutrient concentration and uptake were
calculated on dry weight basis.

The nutrient uptake by grain and Stover
were calculated by using the formula given
below:

Nutrient uptake (kgha't) =
Nutrient content (%)
100

X D ight ( kg )
ry weig Py

Data collected were subjected to analysis of
variance (ANOVA) using SAS package
version 9.0 software as described by SAS
institute  (2002). Differences between
treatment means were separated by Duncan
Multiple Range Test (DMRT) at 5% level
of probability (Duncan, 1955).

RESULTS AND DISCUSSION
Chemical Composition of the green
manure crops

The result of the green manure analysis
shows a considerably higher nutrient status
when compared to that of the field soil.
According to Law-Ogbomo and Osaigbovo
(2016), it is an indication of the green
manure’s capability of improving the soil
nutrient status if allowed to mineralize for
the release of its nutrients. The low C : N
value indicates the ability of the green
manure to enhance high decomposition and
mineralization of nutrients in the
incorporated legumes. This facilitated
better uptake and accumulation of these
nutrients for better maize growth and
consequently, increased yield (Adesoji et
al., 2014).

Stover and grain Nitrogen uptake
N-uptake of maize stover and grain were
affected by the residual content of green
manure and inorganic fertilizer and these
combinations are presented in Table 2. The
nitrogen uptake, by maize, at harvest
indicated wide variation amongst the
treatments. The results showed that Lablab
+ Nso P30 Kis kg ha* recorded stover and
grain N uptake of 64.3 and 76.6 kg ha™,
which were significantly higher than all
other treatments. Significantly lowest
stover and grain nitrogen uptake of 24.3 and
13.2 kg ha was recorded in control plot.
This results are consistent with the findings
of (lbrahim et al., 2017) who recorded
significantly higher NPK uptake in millet
amended with combined organic fertilizer
with NPK fertilizer than those with organic
or NPK fertilizer alone. The enhanced N
uptake could be due to slow release of
nutrients and improved synchrony between
plant N demand and supply from the soil
(Tilahun-Tadesse et al., 2013). Similar
results were reported by Rao and Shaktwat
(2002), Igbal et al. (2008), Shah et al.
(2017) and Ibrahim et al. (2018b). Lawan et
al. (2010) reported that residual effect of
organic fertilizers with inorganic fertilizers
was significant on NPK uptake in yam
compared to organic or NPK fertilizer alone
in south-western Nigeria. Similar results
were reported by Nyambati (2002) in the
sub-humid highlands of north-western
Kenya after incorporating Mucuna and
Lablab residues. He attributed the
enhanced N uptakes in green manure
treated plots to N mineralization from the
residues. Several studies by (Chang and
Janzen, 1996; Paul and Clark, 1996;
Muneshwar et al., 2001; Nevens and
Reheul, 2003) have shown that organic
materials  (green  manure, compost,
farmyard manures) enhanced nutrient use

18



Ife Journal of Agriculture, 2020, Volume 32, Number 2

efficiency by slow release of nutrients.
However, addition of organic fertilizer
increases nutrients mobilization and soil
microbial activities; it also contributes in
improving nutrition as well as crop root

system. The present findings are in
agreement with those of Ibrahim et al.
(2017) who reported that increase in soil
nitrogen level may affect positively N-

uptake by maize stover.

TABLE 3: EFFECT OF TREATMENTS ON STOVER NITROGEN UPTAKE AND
GRAIN NITROGEN UPTAKE OF MAIZE IN 2015 AND 2016.

Stover Nitrogen uptake

Grain Nitrogen uptake

(kg hat) (kg ha?)

Treatments 2015 2016 Mean 2015 2016 Mean
Centrosema + Okg/ha NPK 17.4f 49.9d 33.6e 38.8f 31.9d 35.3d
Centrosema + Nego P30 K15 kg hat  20.3d 76.3c 48.3c 48.1d 43.6¢ 45.8¢c
Lablab + Okg/ha NPK 19.5d 75.1c 47.3c 49.1c 43.8c 46.4c
Lablab + Ngo Pso K1s kg hat 29.9a 98.7a 64.3a 73.8a 79.4a 76.6a
Mucuna + Okg/ha NPK 18.0e 64.0d 41.1d 35.69 28.6d 32.1d
Mucuna + Neo P30 Kis kg ha 21.7¢c 75.0c 48.4c 63.2b 50.3b 56.8b
Sesbenia + Okg/ha NPK 18.4e 62.9d 40.7d 25.4h 20.3e 22.8e
Sesbenia + Neo P30 K1s kg hat 26.9b 90.7b 58.8b 41.2e 29.3d 35.3d
N120 Peo K30 kg/ha 22.8¢c 76.4c 49.6c 47.5d 35.3d 41.4¢c
Control 13.69 349e 243f 15.2i 11.1f 13.2f
SE+ 0.460 1.617 1374 0.232 2.262 1.670
SlgnIfICaﬂCG ** ** ** ** ** **

Means followed by the same letter(s) within the same column and treatment are not
significantly different at 5% level of probability using DMRT

Stover and grain phosphorus uptake

P-uptake of maize stover as affected by
green manure and inorganic fertilizer are
presented in Table 3. Results showed that
application of Lablab + Neo P30 Kis kg hat
recorded stover and grain phosphorus
uptake of 29.4 and 11.2 kg ha, which was
statistically higher than all other treatments
tested. Significantly lowest stover and grain
phosphorus uptake was observed in control
plots during the period of investigation
(10.2 and 2.1 kg ha?, respectively). The
higher uptake obtained in this study might
be attributed to better root establishment,
translocation of absorbed nutrients from
soil, transport of nutrients to seed and
higher growth which led to better yields
(Jaswinder et al. 2019). These findings are

in line with the works of Bharud et al.
(2014), lbrahim et al. (2018b) and Kumar
and Narayan (2018). Studies conducted by
Sathish et al. (2011) showed that integrated
application of organic and inorganic
fertilizer significantly increased stover and
grain P uptake, which is in conformity with
the results obtained in this study. The
control plots recorded significantly lower P
uptake in comparison to all other
treatments, justifying the need for
incorporation of leguminous green manure
and inorganic fertilizer. Similar results
were reported by Jacqueline et al. (2008)
and Moula (2005) who found that nutrient
content as well as nutrient uptake by rice
was highest due to combined application of
organic and inorganic fertilizers. In this
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study, significant influence of green
manure incorporation on stover and grain P
uptake suggests improvements in the
supply and availability of P for subsequent
accumulation by maize (Adesoji et al.,

2015). This might be due to high microbial
activity induced by the added organic
residues which speed up P cycling (Melero
et al., 2007).

TABLE 4: EFFECTS OF TREATMENTS ON STOVER PHOSPHORUS UPTAKE
AND GRAIN PHOSPHORUS UPTAKE OF MAIZE IN 2015 AND 2016.

Stover phosphorus uptake

Grain phosphorus uptake

(kg hat) (kg ha?)

Treatments 2015 2016 Mean 2015 2016 Mean
Centrosema + Okg/ha NPK 8.1le 25.5c 16.8c 7.6f 4.2¢c 5.9d
Centrosema + Ngo P3o K15 kg ha!  8.5¢ 32.8b 20.7b 13.1b 6.3b 9.7b
Lablab + Okg/ha NPK 8.5e 346b 216b 8.1e 4.4c 6.2d
Lablab + Ngo Pso Kis kg ha™ 14.0a 44.7a 29.4a 13.8a 9.9a 11.9a
Mucuna + Okg/ha NPK 7.5f 26.0c 16.8c 10.5c 4.5¢ 7.5¢C
Mucuna + Neo P30 Kis kg ha 9.2d 35.0b 22.1b 13.1b 8.3a 10.8b
Sesbenia + Okg/ha NPK 8.3e 26.1c 17.2c 9.0d 3.4c 6.2d
Sesbenia + Neo P30 Kis kg ha 11.1b 33.2b 222b 9.0d 5.8b 7.4c
N120 Peo K3o kg/ha 10.4c 33.9b 222b 13.1b 5.8b 9.5b
Control 5.79 14.6d 10.2d 3.0g 1.2d 2.1e
SE+ 0.257 0.787 0.655 0.078 0.403 0.294
SlgnIfICaﬂCG ** ** ** ** ** **

Means followed by the same letter(s) within the same column and treatment are not
significantly different at 5% level of probability using DMRT

Stover and grain potassium uptake

Data on Potassium uptake by maize grain
affected by residual effect of green manure
and inorganic fertilizer and these
combinations are presented in Table 4. The
potassium uptake indicated wide variation
amongst treatments at maize harvest. The
results deduce that treatment Lablab + Neo
P3o Kis kg ha* recorded stover and grain N
uptake of 47.5 and 9.9 kg ha, which were
significantly  higher than all other
treatments. Significantly lowest stover and
grain nitrogen uptake of 12.2 and 1.6 kg ha
! was recorded in control plots. Results
obtained in this study are in line with the
findings of Bhadoria and Prokash (2003)
who reported that rice straw and grain K
uptake increased significantly  with

combined application of organic manure
and synthetic fertilizers. The positive and
significant effect of green manure on stover
and grain K-uptake is attributed to better
supply of these nutrients from organic
sources and to the proliferous root besides
improvement in  physical conditions
(Jaswinder et al., 2019). However, similar
enhanced nutrient uptake has been reported
in wheat (Sepat et al., 2010), winter maize
(Mehta et al., 2011), sweet corn (Nandeha
et al., 2016 and Rasool et al., 2016) and
millet (Ibrahim et al., 2017). Similarly,
Kachroo et al. (2006) and Davari et al.
(2012) pointed out that the incorporation of
rice residues increased productivity, yield
components and nutrient uptake of wheat
compared to no residue incorporation.

20




Ife Journal of Agriculture, 2020, Volume 32, Number 2

TABLE 5: EFFECT OF TREATMENTS ON STOVER POTASSIUM UPTAKE AND
GRAIN POTASSIUM UPTAKE OF MAIZE IN 2015 AND 2016.

Stover Potassium uptake

Grain Potassium uptake

(kg ha?) (kg ha?)
Treatments 2015 2016 Mean 2015 2016 Mean
Centrosema + Okg/ha NPK 13.2d 40.6c 26.9b 6.5e 4.0b 5.2d
Centrosema + Ngo P30 K1s kg ha  14.2d 56.8b 355b 9.8d 7.0a 8.4b
Lablab + Okg/ha NPK 14.0d 56.5b 35.4b 6.8e 3.5¢ 5.2d
Lablab + Neo P30 Kis kg hat 24.6a 71.3a 48.0a 125a 7.3a 9.9a
Mucuna + Okg/ha NPK 13.3c 422c 27.8b 5.7f 3.5¢ 4.5fe
Mucuna + Neo P30 K1s kg hat 14.1d 56.4b 354b 11.8b 5.1a 8.5b
Sesbenia + Okg/ha NPK 13.5d 42.1c 27.8b 5.29 2.5¢C 3.8e
Sesbenia + Ngo P3o K1s kg hat 22.9b 47.1c 355b 10.5c 6.0a 8.3b
N120 Peo K30 kg/ha 16.3c 48.2c 32.3b 9.8d 4.2b 7.0c
Control 7.0e 17.3d 12.2d 2.0h 1.3d 1.6f
SE+ 0.415 1.930 1.539 0.046 0.372 0.263
Slgnlflcance ** ** ** ** ** **

Means followed by the same letter(s) within the same column and treatment are not
significantly different at 5% level of probability using DMRT

CONCLUSION

Residual effect of green manure combined
with inorganic fertilizer increased N, P and
K uptake in stover and grain of maize plant
compared with control plots which showed
lowest values of N, P and K uptake in stover
and grain of maize plant. The integrated
application of Lablab green manure and
inorganic fertilizer at the ration of Neo P30
Kis kg ha™ increased N, P and K uptake in
stover and grain of maize plant for the two
years of study when compared with single
application of green manure or inorganic
fertilizer. This experiment shows that
integrated application of green manure and
inorganic fertilizer was more effective in
increasing nutrient availability than sole

application of organic or inorganic
fertilizer.  However, green  manure
decomposition and consequent

mineralization enhanced the accumulation
of nutrients by the maize plant.
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