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ABSTRACT

A Field experiments were conducted from 2015 to 2016 wet seasons at the Teaching and
Research of the Leventist Farm, Tumu Akko local Government area, Gombe State, to evaluate the
effect of incorporated legumes and nitrogen levels on yield and yield attributes of maize. The
treatments consist of four legumes crops gCentrosema, Lablab, Mucuna, Sesbania and control)
and NPK fertilizer (0, 60 and 120 kg ha') laid out in a Randomized Complete Block Design
(RCBD) with three replicates. The results of the experiment revealed that, growing maize on
lablab plots had significant (P<0.05) effect on all the characters measured than other treatments.
The results further revealed that, application of nitrogen fertilizer at the rate of 60kgN/ha gave
significantly (P<0.05) higher effects on all the characters studied than when the other rates were
used. Control plots on the other hand recorded the least.The results indicated that maximum cob
yield (3280 kg ha™), stover yield (2115 kg ha”), and grain yield (2359 kg ha) of maize were
obtained with plots incorporated with lablab combined with 60 kg N ha™ respectively. Studles on
interaction revealed that, combined application of lablab green manure and 60 kg NPK ha™, are the
most viable combinations for maximum grain yield. The combination saves 60 kg NPK ha when
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compared with the recommended rate of inorganic nitrogen (120kg NPK ha™) for maize production.
Based on the results obtained, application of 60kg ha™ N as top dress to maize grown on lablab
residue plots should be adopted by farmers in and around the study area for higher yield.

Keywords: Legume; residue; nitrogen; maize; yield; Sesbania.

1. INTRODUCTION

Maize (Zea mays L.) is the major subsistence
arable cereal in the guinea savanna zone of
Nigeria [1] with the stalks used as fodder for
feeding livestock especially during the dry
season and the stalk for constructing houses and
as fuel [2]. Nigeria is currently the fourteen
largest producer of maize in the world and the
largest maize producer in Africa behind South
Africa [3,4] indicated that Nigeria current maize
production is about 8 million tones and the
average vyield is 1.5 tons per hectare. The
average Yyield is very low when compared to the
world 2.3 tons/ha. However, [4] pointed out that
the yield is lower when compared to average
yield from other African countries like South
Africa (2.5t/ha), Mauritius (5.8t/ha) and Egypt
(7.1t/ha) respectively. Thus, there has been a
growing gap between maize demand and its
supply arising from low productivity.

In Nigeria over 10 million hectares are under
maize cultivation, but the productivity is low.
Farmers yields of maize range between 200 and
2000 kg ha-1. Researchers have shown that
under improved agronomic  management
practices, maize can produce grain yield of 4000
to 5000 kg ha-1[5]. Increasing human population
and high consumption of maize has led to its
continuous intensive production in Nigeria.
According to [6] Continuous cultivation of land
requires continuous application of synthetic
fertilizers and organic amendments to maintain
soil productivity. The continuous intensive
cultivation with application of especially sole urea
fertilizer could alter the soil physical and
chemical properties by decreasing soil pH and
reducing the exchangeable base contents which
leads to soil degradation [7].

To arrest this declining agricultural productivity,
there is need to build up organic matter and
restore soil fertility. Fertility restoration can be
achieved through bush fallowing, heavy
manuring with inorganic fertilizers/farmyard
manure or through the use of leguminous green
manure [8].

The study was design to determine the effect of
four leguminous green  manure  crops

(Centrosema pubesscens, Dolichos lablab,
Mucuna pruriens and Sesbania rostrata) on the
growth, yields and yield components of maize.

2. MATERIALS AND METHODS
2.1 Experimental Site

The field experiment was conducted during rainy
seasons of 2015 and 2016 at the Teaching and
Research Farm of the Leventist Farm, Tumuo
Akko local vaernment area, Gombe State, (9
55" N and 1058' E at 325 m above mean sea
level). [9] Opined that the area is characterized
by tertiary continental sandstone to the west of
the Kari Keri escarpment, clay and siltstone.
However, the area is characterized by dry sub
humid zone [10]. The total rainfall received
during the crop growth period was 369.4 mm and
2183.2 mm (2015 and 2016), with mean annual
minimum and maximum temperatures were 30°C
and 32 C respectively [11]. Previous crop grown
on experimental site was soybeans.

2.2 Treatments and Experimental Design

The treatments consisted of four legumes
(Centrosema, Lablab, Mucuna, Sesbania and
Weedy fallow) and NPK fertilizer (0, 60 and 120
kg ha), tested on maize (SYN 8 PVA) variety.
The experiment was laid out in a Randomized
Complete Block Design (RCBD) and replicated
three times. Green manure crops were planted
on the flat at two seeds per hole with narrower
spacing of 37.5 cm x 25 cm and mix in to soil at
six weeks after sowing. A week after
incorporation, Seeds of maize variety SYN 8
PVA seeds 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, and was sown at the rate of two seeds
per hole at spacing of 25 cm within ridges. The
experimental plot consisted of seven ridges of
5m apart and 4m long (29ross plot) and net plot
was 3.5 mx3 m (10.5 m").

The seedlings were thinned to one plant per
stand at two weeks after sowing (WAS). NPK
fertilizer (20-10-10) was applied two weeks after
sowing (2WAS) according to treatment. Weeds
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were controlled using Paraquat (Gramaxone) at
3 litres ha-1 to kill weeds that were not properly
incorporated and hoe weeding was done at
6WAS.

All data collected were subjected to Analysis of
Variance (ANOVA) using SAS package version
9.0 of Statistical Analysis Software package as
described by [12]. Differences between
treatment means were compared using Duncan
Multiple Range Test (DMRT) at 5% level of
probability [13].

3. RESULTS AND DISCUSSION

The physico-chemical analysis of the top soil (0-
30 cm depth) of the experimental field before
planting in 2015 was determined by standard
procedures as described by [14]. The results
showed that the soils was Sandy Loam with the
following properties: pH (0.01M CacCl2), 5.0;
organic carbon, 5.4 g kg'1; total nitrogen, 0.04 g
kg'1; available phosphorus, 6.8 mg kg'1; and
exchangeable cations (cmol kg '1) of Ca*", 2.32;
Mg, 0.50; K*, 0.15; and Na®, 0.12; and CEC,
4.0 cmol kg'. The chemical analysis of the
incorporated leguminous green manure crops is
shown in Table 1.

3.1 Yield Attributes

The results of the experiment revealed that yield
attributes and yields of maize were significantly
influenced by different sources of nutrients
(Tables 2 and 3).

Incorporation of green manure crops significantly
increased cob length and cob girth in the two
years of study and in the combined means
(Table 2) but there was no significant difference
among incorporation of mucuna, sesbania and
centro green manure crops on cob length. This
shows the importance of green manure as it
contributes to nutrient enhancement of soils with
positive results toward vyield attributes. Cob
length and cob diameter contribute significantly
to grain yield by influencing both number of
grains per ear and grain size [15]. These results
supported by the findings of [16,17] who reported
a significant increase in cob diameter and cob
length after legumes incorporation. It has been
reported by many researchers that green manure
has ability to increase soil N, release P and
maintain and renew the soil organic matter and
improved soil physical and chemical
characteristic [18,19,20]. Application of 60kg
NPK ha™ significantly increased cob length and

cob girth but further NPK increase from 60kg
NPK ha' upwards did not produce any
significant increase. In 2015, 2016 and
combined mean application of 120kg NPK ha
produced significantly thicker cob than the
control (Table 2). The increase in cob length and
cob girth with increase in nitrogen fertilizer
application clearly indicates the importance of
inorganic fertilizer in the performance of maize.
This indicated the effect of nitrogen as a basic
component of many physiological processes in
plants.

Significant interaction between green manure
and NPK was observed on cob length and cob
girth per plant in 2015 and combined means
(Figs. 1 and 2). The interaction between green
manure and NPK on cob length of maize in
combined means showed that highest cob length
was obtained with a combination of lablab and
60kg NPK ha' At a given green manure,
increasing NPK rate beyond 60kg NPK ha™ did
not significant effect on cob length and cob girth
of maize. Significant interaction between green
manure crops and NPK on cob length and cob
girth showed that the combination of Lablab
green manure with 60kg NPK ha” was the best
interaction combinations for increased cob length
and cob girth of maize. This might be due to
more photo-assimilates production in Lablab
incorporated plots having 60 kg ha
nitrogen applied [21]. Optimum supply of nitrogen
had affected yield components. In control plots
the lower cob length and cob girth were reported
by [22] and the possible reason was
unavailability of nitrogen and less dry matter
accumulation.

Green manure incorporation  significantly
increased 100-seeed weight in all the two years
of study and their combined mean (Table 2). In
2015, 2016 and combined mean incorporation of
lablab green manures significantly resulted in
more 100-seed weight compared to other green
manure crops. In 2016 and combined mean
incorporation of centro, mucuna and sesbania
green manure crops were statistically the same
on their effect on 100-seed weight which were
higher than weedy fallow. In combined mean,
incorporating of green manure crops gave 22.2,
33.7, 23.0 and 24.4% more 100-seed weight
than weedy fallow for centro, lablab, mucuna and
sesbania, respectively. NPK application was
significant on 100-seed weight in 2015, 2016 and
combined mean (Table 2). Increasing level of
NPK from 0 to 60kg NPK ha” significantly
increased 100-seed weight but a further increase
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of NPK rate from 60 to 120kg NPK ha™ did not
significantly increase 100-seed weight. Results
are corroborating with [23,24] who reported that
maize yield contributing characters such as
thousand grain weights, number of grains per
cob with increased nitrogen doses applied.
Interaction between green manure and nitrogen
on 100-seed weight was significant in 2015 and
combined means. The interaction between green
manure and NPK on 100-seed weight of maize in
combined means showed that at a given N rate,
weedy fallow produced the lowest 100-seed
weight while lablab green manure and 60kg NPK
ha” produced highest 100-seed weight (Fig. 3).
At a given legume green manure,
increasing NPK rate beyond 60kg NPK ha™
produced no significant difference. The increase
in 100 grain weight with lablab and 60kg NPK

was mainly due to the balanced supply of food
nutrients from both NPK and green manure
throughout the grain filling and development
period [25].

3.2 Yield

Incorporation of green manure significantly
increased cob yield in all the two years of
study and combined mean (Table 3). In 2015 and
2016, incorporation of lablab green
manure performed significantly better than
mucuna, sesbania, centro and weedy fallow on
cob yield. In combined mean, incorporating of
green manure crops significantly increased
cob vyield by 41.3, 69.8, 54.5 and 45.0% for
centro, mucuna, lablab and sesbania over weedy
fallow.

Table 1. Laboratory analysis of the shoot of the green manure crops used in the experiments

Parameters Description

N (%) P (%) K (%) C (%) C:N
Centrosema
2015 1.33 0.38 1.20 18.4 14
2016 1.37 0.33 1.23 20.9 15
Lablab
2015 2.96 0.49 1.35 294 10
2016 3.61 0.53 1.22 38.9 11
Mucuna
2015 2.07 0.37 1.05 18.6 9
2016 2.74 0.49 0.87 36.3 13
Sesbania
2015 3.25 0.43 1.25 294 9
2016 3.44 0.38 1.36 36.8 11

Table 2. Effects of treatments on cob length, cob girth 100-grain weight of maize in 2015, 2016
and combined

Treatment Cob length (cm) Cob girth (cm) 100-grain weight (g)
2015 2016 Mean 2015 2016 Mean 2015 2016 Mean
Legume
Centro 10.42° 11.33° 10.87° 12.18° 12.77° 1247° 17.30° 19.43" 18.36°
Lablab 12.33% 1293 12.63° 12.92° 13.44* 13.18° 19.26° 20.88* 20.10°
Mucuna 10.97° 11.59° 11.28° 12.47° 12.93* 12.70° 17.75° 19.24° 18.49°
Sesbania 10.94° 11.56° 11.24° 12.45° 12.78° 12.62° 17.70° 19.70° 18.70°
Fallow 850° 9.27° 888" 10.07° 11.67° 10.86° 14.10° 15.97° 15.03°
SE+ 0.041 0.378 0.192 0.094 0210 0.131 0.107 0.333 0.191
Nitrogen Kg ha-1
0 10.76° 10.98° 10.87° 12.85° 12.71° 12.78° 16.42° 17.33° 16.88°
60 13.18% 13.32% 13.25° 13.68° 13.74® 13.71° 20.76° 23.22% 21.99°
120 12.20° 12.23° 12.21° 13.43* 13.30° 13.37%® 18.73" 20.72° 19.03°
SE+ 0.038 0.350 0.185 0.087 0.194 0.126 0.099 0.308 0.183
Interaction
L X N *k%k NS *% *k%k NS *% *k%k *k%k *%*

LS = Level of significance, NS = Not significant, * and ** = significant at 0.05 and 0.01 respectively. Means
followed by different letters are statistically different following Duncan Multiple Range Test (DMRT)
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Fig. 1. Interaction between green manure and NPK rates on cob length (cm), LSD (5 = 1.57
(Combined analysis)
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Fig. 2. Interaction between green manure and NPK rates on cob girth (cm), LSD (45 = 0.676
(Combined analysis)

Incorporation of green manure crops increased indication that decomposed legume residues are
cob yield of maize than maize grown in control a feasible source of N for growth of maize.
plots. Increase in cob yield due to incorporation Increased maize cob yields due to the use of
of green manure residues generated in situ is an  Lablab green manure residues as a source of N
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have been reported in a semi-arid environment
[26]. In the present study, the poor performance
of Mucuna as a source of N for maize crop was
attributed to the low quantity of biomass
produced.

Applications of NPK significantly increased cob
yield in all the two years and combined mean
(Table 3). In 2015 increasing NPK rate from 0 to
60kg NPK ha™ significantly increased cob yield
but further NPK increase did not significantly
increase in cob yield. In 2016, application of 60
and 120kg NPK ha™ produced significantly
similar and higher cob yield than Okg NPK ha™
(control). In combined mean, application of 60
and 120kg NPK ha™ significantly increased cob
yield by 26.5 and 18.9% over no NPK treatment.

At the various fertilizer rates, higher cob yield
was obtained at 60kg NPK ha™ which is just half
of dose required for maize production. This
shows that with inclusion in a cropping system,
full dose N may not be necessary for optimum
maize production. This corroborated with the
findings of [27] that reported that, fixation of
atmospheric nitrogen by legumes increases soil
fertility and subsequently improves crop vyield.

Interaction between green manure and nitrogen
on cob yield was significant in 2015 and
combined mean. The interaction between green
manure and NPK on cob yield of maize in
combined means showed that highest cob yield
was obtained with a combination of lablab and
60kg NPK ha™ (Fig. 3). At a given green manure,
increasing NPK rate beyond 60kg NPK ha” did
not significant effect on cob yield. The increase in
cob yield with lablab and 60kg NPK ha” was
mainly due to the balanced supply of food
nutrients from both NPK and green manure
throughout the grain filling and development
period [25].

Incorporation of green manure crops was found
to significantly affected grain yield in the two
years of study and their combined mean
compared with weedy fallow (Table 3). There
was significant difference between green manure
crops on grain yield in 2015 and combined mean
where lablab green manure had significantly
higher grain yield than centro, mucuna and
sesbania green manure and weedy fallow. In
combined mean, incorporation of centro, lablab,
mucuna and sesbania produced 61.7, 96.4, 79.1
and 66.7% increases in grain yield over weedy

30
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Fig. 3. Interaction between green manure and NPK rates on 100-grain weight (g), LSD (05 = 1.03
(Combined analysis)
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fallow, respectively. The consistently higher
maize vyields recorded in treatments where
Lablab green manure crops was incorporated
was attributed to higher amounts of nutrients
than all the other treatments, mainly nitrogen that
was availed by these inputs for maize growth.
[28] stated that, grain yield is the end result of
many complexes morphological and
physiological processes occurring during the
growth and development of crop. The increase
in grain yield with Lablab was mainly due to more
cob length and cob diameter and better grain
development with the same treatment.
Considering the soil analysis in Table 1 during
both the years, it was found that the % of
organic carbon was very low in the soil. It might
be possible that the incorporation of Lablab
green manure improved the organic matter
status of the soil which ultimately improved the
chemical and physical properties of the soil and
the final results were in the form of better grain
yield.

Application of NPK significantly influenced grain
yield in all the two years of study and their
combined mean (Table 3). In 2015, application
of 60 kg NPK ha™ significantly increase grain
yield by 39.4% over zero NPK treatment but a
further increase up to 120 kg NPK ha” did not
produce any significant difference. In 2016,
increasing NPK rate did not produce any
significant difference among the NPK rate
applied on grain yield. In combined mean,
increasing NPK rate increased grain vyield
significantly from O to 60kg N ha™, which was not
significantly different from application of 120kg N
ha™. The increase in grain yield with increase in
nitrogen fertilizer application clearly indicates the
important role of nitrogen enhancing chlorophyll,

nucleotides, alkaloids, proteins, enzymes,
hormones and vitamins production and
photosynthesis which improved assimilates

production for subsequent translocation to grains
[21]. This indicated the effect of nitrogen as a
basic component of many physiological
processes in plants. The significant increase in
grain vyield observed in this study could be
attributed to the fact that maize plants that
received NPK used effectively the applied
nitrogen to enhanced better performance on
yield components which could have led to better
yield for NPK treated plants than plants in
the zero NPK control plots [26]. The increased

grain yield with nitrogen application is
corroborates the findings of other who
reported increases in grain yield of maize
[29,30,31].

Interaction between green manure and NPK on
grain yield was significant in 2015, 2016 and
combined means (Fig. 4). The interaction
between green manure and nitrogen on grain
yield of maize in combined means showed that at
a given N rate, weedy fallow produced the lowest
grain yield while lablab green manure at 60kg
NPK ha” produced highest grain yield. At a
given legume green manure, increasing NPK
rate beyond 60kg NPK ha™ produced no
significant difference on grain yield for centro,
mucuna, lablab and sesbania green manures,
respectively.

Interaction of green manure and nitrogen
fertilizer rate indicated that, 60 kg NPK ha™' can
be applied to maize following lablab incorporation
with significant increase in maize yield. The
combined effect of lablab green manure and 60
kg NPK ha gave a maximum yields which
saved 60 kg NPK ha” when compared to the
recommended rate of 120 kg NPK ha™ for maize
production in Nigeria savanna.

Incorporation of green manure crops affected
stover yield in all the two years of study and their
combined mean (Table 3). In 2015 and
combined mean, lablab green manure produced
significantly higher stover yield than centro and
weedy fallow. In 2016, incorporation of lablab
green manures gave higher stover yield than
incorporation of sesbania, mucuna and centro
which were statistically similar. In combed
mean, incorporation of green manure crops
significantly increased stover yield by 28.0, 50.1,
36.9 and 34.16% over weedy fallow for centro,
lablab mucuna, lablab and sesbania,
respectively. Similar results on the benefits of
green manure residues incorporation on maize
stover yield has been reported by [32,33]. In
2015, 2016 and combined mean (Table 3)
application of 60kg N ha™ significantly increased
stover yield but a further increase produced no
significant effect on NPK rates. In 2015
application of 60 and 120kg NPK ha™ produced
significantly similar but higher stover yield than
control. Increased stover yields with increasing
levels of nitrogen was due to significant increase
in plant height, LAl and dry matter accumulation
with application of nitrogen was mainly
responsible for increasing stover yields [34]. The
interaction between green manure and NPK on
stover yield of maize in combined means showed
that highest stover yield was obtained with a
combination of lablab green manure and 60kg
NPK ha'. The smallest stover vyield was
produced when weedy fallow received no NPK
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fertilizer. This is attributed to enhanced crop production per plant which ultimately increased
growth rate, net assimilation rate and dry matter  stover yield of maize [35].

Table 3. Effects of treatments on cob yield, stover yield and grain yield of maize in 2015, 2016
and combined

Treatment Cob yield (kg ha-1) Stover yield (kg ha-1) Grain yield (kg ha-1)
2015 2016 Mean 2015 2016 Mean 2015 2016  Mean
Legume
Centro 2013%  2066° 2039° 651° 2129 1390° 1362 1385°  1373°
Lablab 25237 2379° 245° 740° 2521 1631°  1649° 1685°  1667°
Mucuna 2283°  21.80° 2231° 662° 2313 1487 1490° 1551 1521°
Sesbania 2092° 2119 2105™ 697° 2217° 1457° 1396° 1435°  1415°
Fallow 1405° 1482° 1441° 589° 1583° 1086° 816°  882° 849°
SE+ 11.03 1054 52.66 1196 6275 56.61 6.328 71.74 32.38
Nitrogen Kg ha-1
0 2266° 2009° 2138° 638" 2229° 1434° 1365° 1379° 1372°
60 2674% 2735° 2705% 773* 2783% 1778° 1902° 1931  1916°
120 2565° 2517° 2541°  751% 2583 1667° 1814° 1863°  1839°
SE+ 10.21 9759 50.59 11.07 58.10 5439 5859 6642 31.11
Interaction
L X N dkk NS *% *kk *kk *% *kxk NS *%

LS = Level of significance, NS = Not significant, * and ** = significant at 0.05 and 0.01 respectively. Means
followed by different letters are statistically different following Duncan Multiple Range Test (DMRT)
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Fig. 4. Interaction between green manure and NPK rates on cob yield (kg ha-1), LSD (o5 = 327
(Combined analysis)
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4. CONCLUSION

Evaluation of the overall results of this study
showed that use of green manure not only solve
increasing cost of chemical fertilizers and its
environmental problems but also increased
crop production and grain yield of maize grain. It
was also reported that incorporated
legumes alone can give grain yield increases

comparable to ones that can be obtained at
60 kg N ha-1 and 120 kg N ha-1.
Nitrogen fertilization showed marked increases
on the yield attributes measured and
application of 90 kg N ha-1 was found to be the
best rate for grain yield and most of the yield
components of maize studied. However, use of
chemical fertilizers alone has not provided
adequate measure in the improvement of soil
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fertility for sustainable maize production. This
study has also revealed that N fertilizer
application to sweet corn can be reduced by 60
kg ha”' N if it is preceded by incorporated
legumes.
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