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Abstract- Field experiments were conducted at two locations in
2009 and 2010 in Southern Guinea savanna (Makurdi) and
Rainforest belts (Obubra) of Nigeria to assess the effects of
amending soil with moringa leaf and fertiplus manures on
phosphorus availability and yield of Garden egg. A factorial
combination of two varieties of Garden egg (Solanum
aethiopicumm Gilo and Solanum aethiopicum —kumba) and two
organic manure sources (Moringa leaf and Fertiplus) were
applied at the rates of 0,5,10 and 20 t hat moringa leaf and 1, 2
and 3 t ha™ fertiplus. These 14 treatments combinations were laid
out in a Randomized Complete Block Design (RCBD) in three
replications. All rates of the manures increased available soil P
levels from low to medium 30 days after incorporation and up to
140 days in both locations although the values were higher in
Makurdi than Obubra. All the manure rates significantly
(P<0.05) increased the yield and yield components of the garden
egg varieties over the control. Moringa leaf at 20 t ha™ produced
the highest fruit yield in both years and locations (7.22 and 6.68 t
ha™ in 2009 and 10.37 t ha™ and 9.17 t ha™ in 2010 for Makurdi
and Obubra respectively). The crop yield was significantly
(t<0.05) higher in Makurdi than Obubra in both years and the
yield in 2010 was significantly (t<0.05) higher than 2009 in both
locations. Moringa leaf biomass (20 t ha™) therefore is a good soil
amendment for the release of available P and sustainable
production of Garden egg in the Nigeria Guinea savanna and
Rainforest belts.

Index Terms— Agroecology, Efficacy, Fertiplus, Garden egg,
Moringa, Phosphorus

I. INTRODUCTION

Organic manures contain phosphorus and other plant
nutrients and crop production can benefit from their
application. Adetunji (1994) and Ige et al., (2003) noted that

phosphorus is one of the critical nutrients element needed for
crop production in Nigeria soils. Tropical soils are highly
weathered, low in CEC (Agboola and Omueti, 1982), low base
saturation, pH and phosphorus availability. The low pH
accounts partly for the low P availability as a result of its
fixation. Organic manure sources are known to play critical
roles in the moderation of growth and yield of various crops
through their indirect effect on the physical, chemical and
biological properties of soils (Woomer and Ingram, 1990).
Manures are also high in exchangeable cations such as Ca, K,
Mg, Na and macro and micro nutrients for vegetable
production. Zhang and Mackenzie (1997); He et al; (2004)
reported that application of livestock manure increases P
concentration in agricultural soil. This assertion was earlier
observed by Egball et al., (1996) who noted that P in manure
may move in the soil more readily than P from inorganic
fertilizers possibly due to reduction in P bonding strength
(Field et al., 1985) and decreased P sorption (Sharpley et al.,
1993) following manure application. Jiao et al., (2008)
reported that manure application reduced P adsorption capacity
and increased net negative surface charge. They noted further
that organic manure application reduced P retention by the soil
but also increased P release into the soil solution.

The potentials of livestock manure especially poultry to
increase available P and other nutrients in tropical soils have
widely been investigated and established. The challenges faced
by the livestock industry globally due to climate change and
emergence of endemic zoonotic diseases pose a potential threat
to the use of their wastes for agricultural purposes. There is
need therefore to explore other sources of organic manure
especially moringa a plant known for its rich biomass and
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Fertiplus, an industrial
production in the study area.

organic manure for vegetable

Il. MATERIALS AND METHODS

Location

The study was carried out at the Teaching and Research
Farms of the University of Agriculture, Makurdi in the
subhumid Guinea Savanna of Nigeria, on latitude 7° 45' N and
Longitude 8° 35' E and Cross River University of Technology,
Obubra Campus on latitude 6° 06' N and longitude 8° 18' E in
the rainforest zone of Nigerian. Makurdi has a mean annual
rain fall density of 1250mm with a mean annual temperature of
27°C while Obubra is characterized by a mean annual rainfall
degsity of 2250mm with a mean annual temperature range of
25°C.

Experimental Design and Treatments

The design of the experiment was a factorial combination
of organic manure sources ( Moringa Leaf and Fertiplus) and
two varieties of garden egg in a Randomized Complete Block
Design (RCBD). The treatments consisted of 0, 5, 10 and 20t
ha™ moringa leaf; 1, 2 and 3 t ha™ fertiplus corresponding to
MG Otha’, MG5tha', MG 10tha’, MG 20 tha™, FP 1 tha
! FP 2 tha and FP 3 t ha and two varieties of Garden egg:
Gilo and Kumba as V,; and V, respectively, this gave a
treatment combination of MGV, MGyV,, MGsVy, MGsV,,
MGyVi, MGV, MGyVi, MGV, FPLV;, FPLV,, FP, Vi,
FP,V,, FP3 V4, and FP3 V, which were replicated three times.

Data Collection

Soil Sampling and processing: At the commencement of
the experiment a composite sample from ten auger points were
randomly collected within the experimental plot using soil
Auger at 0-20 cm in both years and locations. Post manuring
and planting soil samples were collected for each treatment and
replication and were bulked for the three replications at 30, 60,
90 and 140 days after application. These samples were air-
dried sieved through a 2mm mesh stored in paper bags for
laboratory analysis.

Plant Sampling: A net plot of 3 inner ridges per plot was
used with four tagged plants for fruit count and fruit weight per
plant. The mean number of fruits per plant cumulatively for the
number of harvests was taken and the cumulative yield per net
plot from first harvest to the last harvest for each plot was
extrapolated to yield in tones per hectare.

Soil Analysis: The soil samples were subjected to routine
analysis.

Particle size distribution (PSD) was determined by the
Bouyoucos (Hydrometer) method as described by Udo et al,
(2009). Soil pH was determined in both water and 0.INKCI in
a ratio of 1:1 soil: water and 1:2.5 soil: Kcl, respectively (Udo
et al., 2009). Organic matter was determined by the Walkley —
Black wet oxidation method as outlined by Page et al., (1982).
Total Nitrogen was determined by the Macro Kjeldahl method
as described by Udo et al., (2009) while Available phosphorus
was determined by Bray | method as out lined by Page et al.,
(1982). Exchangeable cations were determined by the
Ammonium acetate extraction method as described by Udo et
al., (2009).

Statistical Analysis: Analysis of variance (ANOVA) for
RCBD in factorial was performed on the garden egg yield and
yield components using the computer software Genstat
(Genstat, 2005). F-LSD was calculated for P = 0.05 and P =

0.01 to separate the significant means. T-test was used to
determine the location and year effect on crop yield.

I11l. RESULTS AND DISCUSSION

Pre- Treatment soil properties

Results of initial soil properties before treatment
application in the two locations and manure analysis are
presented in Tables 1 and 2. The soils at both location of the
experiment were sandy-loam, low, in organic matter (OM) N,
P, exchangeable cation and CEC. The CEC and OM were,
however, relatively higher in Makurdi than Obubra. The soils
were slightly acidic in Makurdi and moderately acidic in
Obubra with a higher exchangeable acidity in Obubra than
Makurdi. Analysis of the organic manures is presented in table
2.

Changes in available phosphorus (Table 3 and 4) show that
application of Moringa leaf and Fertiplus increased the
available P content of the soils at all rates of the manures over
the control especially the higher rates from 30 days after
application in the two locations. From 30 days after the
organic manure application up to 90 days there was a
progressive increase in the soil available phosphorus. Between
90 and 140 days, the changes in the level of available P show
no appreciable differences. The P evolution trend from the
moringa and fertiplus was in the same pattern for both manure
sources in both locations for the two years on both Gilo and
kumba varieties of the garden egg. This increase in soil P,
however, was higher in moringa treated plots in both locations
and years. The available soil P increase with increase in the
rate of the manures with moringa leaf at 20t ha™ producing the
highest levels (8.2mg/kg and 7.4mg/kg) at 90 days after
incorporation in 2009 for Makurdi and Obubra respectively.
Fertiplus (3 t ha™) at 90 days after application produced 7.8
mg/kg and 6.7 mg/kg of P in 2009 and 8.3 mg/kg, 6.9 mg/kg P
in 2010 for Makurdi and Obubra, respectively. The P level
produced by Fertiplus at 3 t ha™ was comparable to the levels
produced by application of 10 t ha™ of Moringa leaf (Table 3
and 4). There was a progressive decrease in the level of
available P from 30 days after incorporation of the manures in
the control plots up to 140 days which fell below the initial
levels as observed in this study for both locations and years.

The linear increase in the levels of P with increasing rates
of the amendments for both Makurdi and Obubra as observed
in this experiment for the two years is indicative of the
manurial effect of manures in increasing pH and OM which
facilitates P release compared with the control. The result
obtained in this study agreed with the findings of Zhang et al.,
(2003) who observed an increase in labile P in soils treated
with organic manure in the first four weeks of incubation. The
P behaviour in this study suggest that in soils treated with
Moringa leaf biomass and fertiplus a significant amount of P
was either solubilized from insoluble inorganic P or they
contain more easily decomposable organic material resulting in
more organic P release. The observed increase in soil P levels
in this investigation with the manure could also be attributed to
reduction in P bonding strength (Field et al., 1985), decreased
sorption (Sharpley et al., 1993) and increased net negative
charge and decreased P retention and increased P release into
soil solution (Jiao et al., 2008).

Result of plant dry matter, number of fruits per plant and
fruit yield per unit area is presented in Tables 5, 6 and 7.
Application of Moringa leaf and fertiplus significantly (P <

WWW.SCirj.org
© 2014, Scientific Research Journal


http://www.scirj.org/

Scientific Research Journal (SCIRJ), Volume II, Issue IV, April 2014
ISSN 2201-2796

0.05) increased dry matter yield of both varieties of garden egg
in both locations the two years of the field trial.

In 2009, application of Moringa leaf (20 t ha™) produced
highest amount of plant dry matter in both locations. This was
followed by application of Moringa at rate of 10 tha™, then the
other rates of the manures and the least plant dry matter was
obtained from the control. In 2010 moringa leaf at 20 t ha™
produced the highest dry matter yield of the garden egg
varieties in both locations (233.5¢/ plant and 229.0 g/plant).
This was followed by plants treated with Moringa at 10 t ha™
with yield for Makurdi and Obubra of 208.7 g/plant and 203.0
g/plant respectively and fertiplus (3 tha™ ) with yields of 201.1
and 193.8 g/plant, respectively and the least yield was obtained
from the control. There was no significant difference in dry
matter yield between Gilo and Kumba varieties of the crop in
Makurdi but in Obubra, Kumba produced significantly higher
dry matter yield than Gilo. The number of fruits and fruit yield
per unit area in 2010 (Table 5) indicated that Moringa leaf
biomass applied at the rate of 20 t ha™ produced highest
number of fruits per plant (76.3 and 67.17) and highest fruit
yield (10.37 t ha™ and 9.17 t ha™) for Makurdi and Obubra
respectively. This was followed by plots treated with 10 t ha™
Moringa leaf, then other manure rates and the least number of
fruits per plant and yield per unit area was obtained from the
control. In 2009 the number of fruits per plant and fruit yield
per unit area was the same for Moringa and fertiplus treated
plots (Table 6). In both years and locations Gilo variety of
garden egg significantly produced higher number of fruits per
plant than Kumba (Tables 5 and 6). Gilo garden egg produced
significantly (P < 0.05) higher fruit yield per unit area in 2009
in both locations (5.89 t ha™ and 5.39 t ha™). In 2010, however,
there was no significant yield difference between Gilo and
Kumba in Makurdi (8.53 t ha™ and 8.30 t ha™®). In Obubra, Gilo
produced significantly higher fruit yield (7.66 t ha™) than
Kumba (6.79 t ha™).

IV. LOCATION AND YEAR EFFECT

Results of location and year effect of Moringa and fertiplus
on the yield of garden egg is presented in Tables 7 and 8.
Application of Moringa and fertiplus on two cultivars of
garden egg in 2009 and 2010 significantly produced higher
fruit yield (t < 0.05) in both locations with mean yields of 5.28
tha™ and 5.05 t ha" in 2009 and 8.42 t ha’”and 7.32 t ha™ in
2010 for Makurdi and Obubra. Within the years, fruit yield of
the garden egg was significantly higher (t < 0.05) in 2010 than
2009 in Makurdi with yields of 8.42tha™ and 5.28 tha™ for
2010 and 2009 respectively. The vyields in Obubra were
7.33tha™ and 5.04 tha™ in both years.

The significant increase in yield and yield components of
garden egg varieties is a manifestation of the positive effect of
organic manures on soil properties that transformed into soil
fertility and a confirmation of the high mineralizable nutrient
composition of Moringa and fertiplus manures. This have
earlier been reported by Warman (1986), Bahmann and James
(1997) and Duncan (2005). The yield response of the crop
varieties due to these organic manure sources agrees with the
assertions of Isitekhale and Osemota (2010) who noted that
organic manures are important short-term suppliers of nutrients
as well as for long-term maintenance of soil organic matter.
The yield response showed that the higher the P in the soil the
higher the yield of garden egg as shown in Tables 3 and 4
where garden egg fruit yield increased with increasing rate of

the Moringa and fertiplus. The attributable garden egg yield
response to increased P levels was corroborated by Sharpley et
al.,(1993) who stated that the level of available P especially in
tropical soils is an essential determinant of its fertility. The
increase in yield also agrees with the observations of Adetunji
(1994) and Ige et al., (2003) who stated that phosphorus is one
of the critical nutrient needed by crops in Nigerian soils. The
yield increase of Gilo due to organic manures application was
also reported by Kekong et al., (2010). The yield increase of
garden egg varieties due to Moringa oleifera leaf manure
agrees with the findings of Booth and Wickens (1988) who
noted that the high protein biomass of Moringa oleifera is
suited for use and acts as a natural fertilizer while Davis (2000)
reported that the use of Moringa as a green manure
significantly improved soil fertility.

The higher yield of Gilo variety over Kumba is attributed to
the genotypic characteristics of the crop between varieties. This
yield difference among crop varieties has been reported by
Sanginga et al., (2000) who stated that some crop genotypes
tend to have greater need for nutrients and are more often
responsive to nutrient input.

The higher yield of garden egg varieties in Makurdi
(Southern Guinea Savanna) than Obubra (Rainforest) could be
attributed to soil properties and climatic variations (Table 1).
Chude (1998) had reported that Cross River State soils in the
Rainforest zone have low P and exchangeable cations which
are higher in the Nigerian Savanna.

V. CONCLUSION

The manurial and organic matter enrichment potentials of
Moringa oleifera and fertiplus and their positive effects on
available P investigated in this study were found to be efficient
in increasing available P and maintaining soil fertility for good
garden egg production.  Application of these manures
especially, the higher rates increased available P level and
significantly increased garden egg yield over the control.
Moringa leaf (20 t ha™) as soil amendment is a good source of
soil organic matter SOM and Ca with facilitating effect on
available P and other plant nutrients released for optimum
production of garden egg in the Nigerian Guinea Savanna and
Rainforest Zones.
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TABLE 1: PRE- CROPPING SOIL PROPERTIES AT THE EXPERIMENTAL SITES.
Makurdi Obubra

Soil Parameters 2009 2010 2009 2010
Sand (g/kg) 874 888 853 839
Silt (g/kg) 84 79 79 72
Clay (g/kg) 42 43 68 89
Textural class S/L S/L S/L S/L

pH (water) 6.16 6.20 5.50 5.48
pH (KCL) 5.00 4.80 430 420
Organic matter (%) 2.80 2.76 1.82 1.94
Total nitrogen (g/kg) 1.0 0.9 0.8 0.8
Available P (mg/kg) 55 4.6 3.6 34
Exch. Ca (cmol kg ™) 3.40 3.10 2.50 2.61
Exch. Mg (cmol kg™) 0.30 0.28 0.22 0.24
Exch. Mg (cmol kg™) 0.92 0.98 1.01 1.08
Exch Na (cmol kg™) 0.16 0.15 0.17 0.18
Exchange. Acidity 2.30 2.25 2.75 2.85
CEC (cmol kg™) 23 2.2 17 1.8
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TABLE 2: NUTRIENT COMPOSITION OF THE ORGANIC MANURE SOURCES
Manure location N P K Ca Mg Na Org.C C:N
(%) (%) (%) (%) (%) (%) (%)

(Makurdi)

Moringa leaf 4.10 121 171 13.6 0.12 2.19 10.8 2.6

(Obubra)

Moringa leaf 4.02 1.18 1.80 124 0.11 1.16 111 2.8

*Fertiplus 4.2 3.0 2.8 9.0 1.0 0.5 37.6 9.0

*Same for Makurdi and Obubra
TABLE 3: AVAILABLE P- (MG/KG) As INFLUENCED BY MANURE SOURCES (2009).
MAKURDI OBUBRA
Days after Application

Trt. 30 60 90 140 30 60 90 140
MoV1 4.8 43 43 4.4 34 32 33 3.2
MoV, 4.7 44 4.6 45 3.3 3.3 34 3.2
MGV, 5.9 6.2 6.8 6.9 4.2 4.4 55 5.6
MG.V, 6.1 6.1 6.6 5.6 4.3 5.0 51 5.4
MG,V, 6.5 6.7 7.5 9.1 5.8 57 6.0 6.1
MG,V, 6.9 6.9 73 9.1 5.8 5.7 6.0 6.1
MG;V, 8.0 7.9 8.1 8.3 6.2 6.6 6.5 7.6
MG;V, 7.8 8.0 8.2 8.3 6.4 6.5 7.0 74
FP.V1 5.7 6.4 6.8 6.7 4.8 44 52 51
FP.V, 5.7 5.7 6.6 6.6 4.8 4.9 4.8 5.0
FP,V1 5.7 7.1 7.5 1.7 44 4.8 6.0 8.0
FP,V, 6.0 6.8 7.2 7.1 51 5.8 6.2 6.2
FP3V1 5.8 7.2 7.8 8.0 6.1 6.2 6.3 7.0
FP3V, 5.7 7.1 8.1 7.8 6.4 6.6 6.7 7.1

Key: MG; — MG3

FP1 — FP3 =
V1 = Gilo
V, = Kumba

Fertiplus rates at 1, 2 and 3 t ha™

Moringa Leaf rates at 5, 10 and 20 t ha*
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TABLE 4: AVAILABLE P- (MG/KG) AS INFLUENCED BY MANURE SOURCE (2010).

MAKURDI ORUBRA
Days after Application

Trt. 30 60 90 140 30 60 90 140

MoV1 4.6 38 34 35 2.8 2.6 2.6 24
MoV, 39 3.7 37 34 2.6 27 23 2.3
MGV, 5.1 5.6 5.2 5.6 4.8 5.0 55 5.6
MG;V, 5.4 5.2 54 5.2 4.2 51 5.0 54
MG,V 6.8 6.6 8.0 8.5 54 53 6.2 8.2
MG,V, 7.0 7.2 8.0 8.9 6.0 6.0 6.4 7.3
MG;V; 8.1 8.0 8.4 9.0 6.5 7.0 7.1 7.1
MG;V, 7.6 8.0 8.2 9.1 6.0 6.6 75 7.8
FP:V1 55 5.0 5.0 5.2 4.1 4.9 48 5.1
FP.V, 5.7 5.6 52 5.0 5.0 5.0 5.4 53
FP,V1 4.8 6.1 8.0 7.8 6.3 6.0 6.1 6.2
FP,V, 6.0 6.8 8.1 8.2 5.8 6.7 7.1 6.6
FP3V1 5.8 7.1 8.3 8.3 5.6 6.6 6.7 6.8
FP3V, 5.6 7.0 6.6 8.0 7.0 6.5 7.0 7.0

Key: MG; — MG;

Fertiplus r

Gilo
Kumba

Moringa Leaf rates at 5, 10 and 20 t ha*
atesat1,2and 3tha?

TABLE 5: PLANT DRY MATTER (G/PLANT) OF GARDEN EGG VARIETIES AS AFFECTED BY ORGANIC MANURE

2009 2010
Manure
Source MAKURDI OBUBRA MAKURDI OBUBRA
Control 58.5 58.3 58.0 55.0
MG, 122.8 1185 146.5 141.3
MG, 190.0 183.8 208.7 203.0
MG; 205.8 1975 2335 229.0
FPy 1040.0 96.7 135.3 118.7
FP, 128.5 118.2 190.3 176.5
FP3 155.3 143.2 201.0 193.8
LSD(P<0.05) 9.16 18.23 18.44 14.10
VARIETY
GILO 148.9 1455 175.5 162.1
KUMBA 146.7 139.1 179.6 173.6
LSD (P<0.05 NS NS NS NS

Key: MG =
FP =

Moringa Leaf
Fertiplus
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TABLE 6: YIELD AND YIELD COMPONENTS OF GARDEN EGG AS INFLUENCED BY ORGANIC MANURE

Numberof FroitsperPtart

2009 2010

Manure
Source. Makurdi Obubra Makurdi Obubra
Control 11.17 8.50 26.5 25.00
MG, 31.67 26.50 50.5 49.50
MG, 37.33 30.17 70.2 59.50
MG; 51.00 40.67 76.3 68.17
FPy 22.82 18.67 410 37.67
FP, 39.17 33.83 58.2 53.67
FP3 50.17 43.00 41.3 44.33
LSD(p<0.05) 5.04 3.18 10.90 5.25
VARIETY
GILO 52.40 44.67 81.8 74.30
KUMBA 28.00 24.00 31.9 29.20
LSD (P<0.05) 2.26 1.42 4.88 2.35
Key: MG = Moringa Leaf

FP = Fertiplus
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TABLE 7: FRUIT YIELD OF GARDEN EGG (T HA-1) AS AFFECTED BY SOURCES OF ORGANIC MANURE.

2009 2010
Manure
Source Makurdi Obubra Makurdi Obubra
Control 1.18 0.92 3.32 2.97
MG, 2.42 2.78 7.88 6.73
MG; 5.47 5.77 10.42 8.30
MG; 7.22 6.68 10.37 9.17
FP, 2.86 2.18 7.35 5.68
FP, 6.00 6.20 8.78 7.75
FP4 6.78 5.77 6.20 7.27
LSD(p<0.05) 0.47 0.67 131 0.77
VARIETY
GILO 5.89 5.39 8.53 7.66
KUMBA 4.67 4.65 8.30 6.79
LSD (P<0.05) 0.21 0.31 NS 0.34
Key: MG = Moringa Leaf

FP = Fertiplus
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TABLE 8: LOCATION EFFECT OF FRUIT YIELD OF GARDEN EGG AS AFFECTED BY ORGANIC MANURE 2009
MAKURDI OBUBRA

Manure

source. A B A B
MoV1 1.17 1.00 3.10 2.93
MoV, 0.90 0.03 3.53 3.00
MGV, 2.81 3.30 7.33 6.87
MG,V, 2.03 2.27 8.43 6.89
MG,V; 6.40 6.67 10.17 8.47
MG,V, 453 4.87 10.67 8,13
MG;V, 7.97 4.20 11.00 9.63
MG;V, 6.47 6.17 9.73 8.70
FP.V1 3.37 2.73 7.77 6.17
FP.V, 2.37 1.63 6.93 5.20
FP,V, 7.13 6.30 10.00 8.53
FP,V, 4.87 6.10 757 6.97
FPsV, 7.33 6.23 6.63 0.07
FP3V, 6.23 6.50 5.77 6.48
X 5.28 5.05 8.42 7.23
SE 0.069 0.177

Key: A = Makurdi location

Obubra location
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TABLE 9: YEAR EFFECT ON GARDEN EGG YIELD AS AFFECTED BY SOURCES OF ORGANIC MANURE

14

MAKURDI OBUBRA
Manure
Trt 2010 2009 2010 2009
MoV1 3.10 1.47 2.93 1.00
MoV, 3.53 0.90 3.00 0.83
MGV, 7.33 2.80 6.87 3.30
MG;V, 8.43 2.03 6.60 2.27
MG,V, 10.17 6.40 8.47 6.67
MG,V, 10.67 4.53 8.13 4.87
MG;V, 11.00 7.97 9.63 7.20
MG;V, 9.73 6.47 8.70 6.17
FP.Vy 7.77 3.37 6.17 2.73
FP.V, 6.93 2.37 5.20 1.63
FP,V, 10.00 7.13 8.53 6.30
FP,V, 7.57 4.87 6.97 6.10
FP3V1 6.63 7.33 8.07 6.23
FP;V, 5.77 6.23 6.48 6.50
X 8.42 5.28 7.23 5.04
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