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Abstract

Field experiments were carried out during the 2015/2016 dry season at the Teaching and Research (fadama) farm of Kebbi State
University of Science and Technology, Aliero, to study the effects of organic and inorganic fertilization on the performance of
maize (Zea mays L.) at Jega, Sudan Savanna of Nigeria. Treatments consisted of six (6) soil amendments, each designed to supply
the recommended dose of 120 kg N ha* using a compound fertilizer NPK [15:15:15], farm yard manure (FYM) and six-month old
poultry manure (PM) from an automated battery cage system. Result shows that plant height at 10 WAP, number of leaves, Leaf
area index (LAI), Mean cob weight, grain weight per cob, 100-seed weight and Total yield were significantly increased when the
recommended nitrogen dose of 120 kg N ha? was applied using 100% NPK (800 kg NPK [15:15:15] ha) or a combination of
NPK and PM at 50:50 ratio. Based on the results of this study, it was concluded that the integration of organic and inorganic soil
amendments in form of NPK compound fertilizer and poultry manure at 50:50 ratio could be adopted for higher Maize yield,

considering the complimentary role of poultry manure in improving the physical quality of the soil.
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1. Introduction

Maize (Zea mays L.) is one of the main cereal crops of West
Africa. It ranks third after wheat and rice in terms of global
importance M. It belongs to the family Poaceae (Graminae),
commonly known as the grass family. It is a tall, monoecious
annual grass with overlapping sheaths and broad
conspicuously distichous blades . Global production of
maize is 785 million tons, with the largest producer the United
States, producing 42%. Africa accounts for 6.5% of the global
production. Nigeria is largest maize producer in Africa
accounting for 15.68% of Africa’s production. African
imports 28% of their required maize from outside the
continent 1. The yield of maize however, varies from variety
to variety, location to location and also depends on the
availability of essential factors such as soil fertility status [+ °I,
About 80% of maize is consumed locally as food in various
delicacies and as livestock meals. The remaining 20% is
utilized industrially in the production of starch, oil, high
fructose, corn sweetener and ethanol. Maize consist of 71%
starch, 9% protein and 4% oil on a dry weight basis [l
Among the major causes of low maize yield is low soil
fertility and maize is termed as heavy feeder crop. Therefore,
strategy toward improving soil fertility should be put in place
for a successful maize production. This could be achieved
through appropriate fertilizer scheduling and management 1,
Organic manure helps to improve soil structure, soil aeration,
nutrient retention, water holding capacity and water
infiltration & 9. Nutrients contained in organic manures are
released more slowly and are stored for longer period in the
soil thereby ensuring long residual effect 1. This slow
nutrient release pattern by organic manures could be

complemented by mixing them with inorganic nutrients that
ensures fast nutrient release to crops at the early stage before
mineralization of organic manure [, This combination is
termed organo-mineral fertilizer and has been utilized in the
production of maize . The integration of organic and
inorganic sources of fertilizer not only supply essential
nutrients but also have some positive interactions to increase
efficiency and reduce environmental hazards [*3 1. 14,

Reports on the application of organo-mineral fertilizers to
crop indicated a significant increase in yield [ 16 171
Considering the cost, unavailability at the time needed and
environmental effects of inorganic fertilizers in Nigeria,
organic materials such as bio-digested slurry, poultry manure,
green and farm yard manures were identified with the ability
to enhance soil fertility as well as improve crop productivity
and environmental quality (€1,

This study was designed to determine the performance of
maize in response to application of different combinations of
organic and inorganic fertilizers.

2. Materials and methods

The experiment was conducted at the Fadama Teaching and
Research Farm of the Kebbi State University of Science and
Technology Aliero located in Jega (lat. 12° N 11" N; long. 4°
16’ E) during the 2015/2016 dry season. The area lies within
the Sudan Savanna agro-ecological zone of Nigeria. It is
characterized with erratic and scanty rainfall that last for about
5 months (May-September) and a long dry period (October-
April). The climate of the area is semi-arid with average
rainfall of about 550-650mm per annum. The relative
humidity ranges from 21- 47% and 51-79% during the dry and
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rainy seasons, respectively. Temperatures average between 14
- 30°C during the dry season and 27 - 41°C during the rainy
season [,

The treatments consisted of six [ soil amendments, each
designed to supply the recommended dosage of 120 kg Nha'*
using NPK [15:15:15], FYM and six-month old PM from an
automated battery cage system. Treatments consisted of 0 kg
NPK ha, 800 kg NPK (15:15:15) hat, 100% FYM equivalent
to 5t hal, 100% PM equivalent to 1 t hat, 50% FYM plus
50% PM (2.5 t of FYM and 0.5 t of PM ha''), 50% NPK plus
50% FYM [400 kg NPK (15:15:15) ha' and 2.5 t of FYM ha-
11, 50% NPK ha plus 50% PM [400 kg NPK (15:15:15) ha*
and 0.5 t of PM ha'], denoted as TO, T1, T2, T3, T4, T5 and
T6, respectively. Compound fertilizer NPK [15:15:15] was
used to supply the inorganic soil amendment.

The plot size was 3m x 4m (12m?). The soil and manure
analysis results are presented in Tables 1 and 2, respectively.
Manure result indicated that FYM contained about five times
(14.98%) as much organic carbon as PM (3.99%), while
nitrogen content of PM (7.08%) was about four times more
than FYM (1.53%). P and K contents were relatively similar
between the two manure types. In the field, manure was
applied during land preparation (2 weeks before planting)
according to treatments, after which the maize seeds were
planted by direct sowing in the field at a spacing of 25 x 60
cm. Irrigation was done by surface irrigation method, where
water was drawn from a tube-well using water pump machine
and conveyed through the irrigation channels and distributed
to the plots. Irrigation was carried out at 3 days interval.
Weeding was done manually using hoe as at when necessary.
The crop was harvested 90 days after planting when the cobs
matured.

Data were collected on plants height, number of leaves per
plant, number of cobs per plant and grain yield per plot, which
was converted to per hectare. The data generated were
subjected to analysis of variance (ANOVA) in accordance
with 2, The treatment means were separated using Least
Significant Difference test at 5% level of significance.

3. Results and Discussion

Plant height

Plant height at 8 and 10 weeks after planting (WAP) showed a
significant response to fertilizer application. However,
fertilizer application did not affect plant height at 6 WAP
significantly. At 8 and 10 WAP, PM produced the tallest
plants (126.43 and 127cm, respectively) (Table 3). At 10
WAP, 100% NPK, 100%FYM, 100% PM and
50%NPK+50%PM produced 114.13, 105.98, 127.23 and
108.28 cm, respectively, which were significantly highest.
Combination of NPK and FYM at 50:50 produced shorter
plants though greater than the untreated control, which
produced the least (68.83cm) plant height. The trend may be
because of the high content of Nitrogen found in poultry
manure, which increases in the course of meeting up with the
required quantity of P and K. This is in line with (21), who
noted a significant increase in average maize height upon
increase in the application of manure.

Leaf Number

Treatments did not affect the number of leaves at 6 WAP
(Table 3). However, at 8 and 10 WAP there was significant
treatment effect on number of leaves. The highest number of
leaves was recorded by treatments with 100% NPK, 100% PM
and 50%NPK+50%PM followed by 100%FYM and
50%NPK+50%FYM; and the least number of leaves was in
the untreated control. This could be viewed as a typical
genotype X environment interaction whereby the control
treatment missed the fertility environment and therefore
produced the least leaf number. As reported by [22] that plots
treated with inorganic fertilizers produced the highest amount
of leaves due to quick release and availability of plant
nutrients especially nitrogen.

Leaf Area Index (LAI)

Leaf Area Index (LAI) defined as the ratio of the total leaf
area to the soil area occupied per plant is presented in Table 4.
At 6 WAP, treatments with 100%PM and 100%FYM
produced higher LAI than 50%NPK+50%FYM but at par with
100%NPK. The lowest LAl was produced by the untreated
control. At 8WAP, all fertilizer and manure combinations
gave similar LAl which was significantly greater than the
untreated control. At 10WAP, 100%PM produced
significantly the highest LAI than only 50%NPK+50%FY M,
which was in turn higher than the untreated control. The high
LAI recorded by PM could be attributed to its high nitrogen
content, which resulted in increased vegetative growth and
consequently produce more leaves. As reported by [23], that
poultry manure played an important role in increasing LAI.

Mean cob weight (g)

PM produced the higher mean cob weight than all other
treatments except 100%NPK. Which were at par. However,
the untreated control gave the lowest mean cob weight than all
the treatments. The trend may be because PM is capable of
supplying macro and micronutrients such as N, P, K, S, Ca,
Mg, Cu, Mn, Zn, Bo and Fe that are essential for growth and
yield than the NPK fertilizer alone [24][25][26].

Grain weight per cob (g)

The highest grain weight per cob was produced by 100%NPK,
100%PM and 50%NPK+50%FYM, followed by 100%FYM
and the untreated control (Table 5). This may be because of
the ability of the plant to utilize fully the nutrients in their
inorganic form while in the organic form the amount will take
more time to mineralize and become available for utilization.
According to [22] who reported a decrease in cob weight of
maize obtained in the organic fertilizers compared with
inorganic fertilizers and later showed increase depending on
the rate of the fertilizer applied.

100-seed weight (g)

Treatments had significant effect on 100-grain weight (Table
5), where 100%PM produced the highest 100-grain weight,
though at par with 100%FYM and 50%NPK+50%FYM,
followed by 100%NPK and 50%NPK+50%PM. The least
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100-grain weight was by the untreated control. The poultry
manure as reported by (23) may also be because of the macro
and micronutrient supply the trend.

Yield (t ha?)

According to result (Table 5)100%NPK produced the highest
yield which was statistically similar to 100%PM. This was
followed by 50%NPK+50%FYM and 100%FYM. The least
maize grain yield was obtained in the untreated control. This
is in line with (25) who reported that yield of maize increases
as NPK fertilizer was applied.

Table 1: Physical and chemical properties of soil at the experimental site
during 2011/2012 dry season

Table 4: Leaf Number as affected by organic and inorganic fertilization
during the 2011/12 dry season at Jega, Sudan savanna

Treatment Leaf Number
6 WAP 8 WAP 10 WAP
Control 9.75 10.75¢ 12.25¢
800kg NPK(15:15:15)/ha 11.75 14,252 15.752
100% FYM 11.25 12.00P 13.00°
100% PM 11.75 13.75% 14.75%
50% NPK+50%FYM 11.25 12.00° 13.00%
50%NPK+50%PM 11.00 13.25% 14.75%
LSD o005 1.88 2.24 2.09
CV (%) 6.85 5.30 5.36

Means followed by same letter(s) within the same treatment group are not
significantly different at the 5%

Table 5: Leaf Area index (LAI) as affected by organic and inorganic

Soil properties 2011/12 fertilization during the 2011/12 dry season at Jega, Sudan Savannah
Ph 5.20
Organic C (%) 0.50 Treatment EW. ALPe af Age\a/lvl':gex (Lﬁ;i’v AP
Total N (%) 0.07 Control 1.56° 1.80° 2.01°
P(mgkg™) 0.57 800kg NPK(15:15:15)/ha 2.23 2.812 3.10%
Exchangeable cation Cmolkg-?) 100% FYM 2.89° 2.31° 2.67"
Ca 1.00 100% PM 2.89% 3.39* 3.65%
Mg 040 50% NPK+50%FYM 2.06° 2.61° 2.88°
. 50%NPK+50%PM 2.32% 2.922 3.40%
Na 1.04 LSD 0.05 0.66 0.80 0.60
K 0.77 CV (%) 19.81 20.04 13.56
Particles sizes (%) Means followed by same letter(s) within the same treatment group are not
Sand 68.6 significantly different at the 5%
Silt 17.5 Table 6: Mean cob weight, grain weight, 100 seed weight and total yield
Clay 13.5 of maize as affected by organic and inorganic fertilization during the
CEC (mol/kg) 4.48 2011/12 dry season at Jega, Sudan savannah
Table 2: Results of chemical analy_sis of the manures Used during the Treatment V“\:Ieﬁgﬂtc?gt; G;::r::(\)’\ée'(g;]t Vig%f?fig) (\t(t:(:-(lj)
experiment Control 26.25° 12.28° 15.10° | 0.78°
Nutrient Manure type 800kg b a pe a
Farm yard manure = Poultry manure NPK(15:15:15)/ha - - o -
- 100% FYM 52.25° 20.70 17.10® | 1.26™
Organlc carbon (%) 14.98 3.99 100% PM 66.752 29,953 18.902 1.84%®
N (%) 1.53 7.08 50%NPK+50%FYM |  52.25° 22.62%® 17.90® 1.39°
P (%) 0.27 0.46 50%NPK+50%PM 54.00° 25.712 16.60%¢ | 1.58%®
K (mglkg) 32533 25067 LSD 0.05 12.13 9.70 2.14 0.60
; CV (%) 15.54 27.08 8.34 27.02
C:N 9.79 0.56 e
Means followed by same letter(s) within the same treatment group are not
cPp 55.48 8.67 significantly different at the 5%

Table 3: Plant Height (cm) as affected by organic and inorganic
fertilization during the 2011/12 dry season at Jega, Sudan savannah

Treatment Plant height (cm)

6 WAP 8 WAP 10 WAP

Control 65.68 67.88¢ 68.83¢

800kg NPK (15:15:15) ha® | 105.33 112.88° 114.13°
100% FYM 102.88 105.00° 105.98°

100% PM 124.33 126.432 127.23°

50% NPK+50%FYM 93.90 98.33¢ 99.50°
50%NPK+50%PM 105.10 107.23* 108.28°

LSD 0.05 Ns 6.96 22.70

CV (%) - 14.67 14.50

Means followed by same letter(s) within the same treatment group are not
significantly different at the 5%

4. Conclusion

Inorganic (NPK) fertilizer treatment produced the highest
yield in tons per hectare which was comparable to poultry
manure and the combination of both poultry manure and the
NPK fertilizer. Similarly, NPK fertilizer produced the highest
leaf number and grain weight per cob (g), while poultry
manure produced the tallest plants and leaf area index (LAI).
Based on findings of this study, it could be concluded that the
use of poultry manure or NPK fertilizer alone or the
combination of both could increase maize production.

5. Recommendation
Based on the results of this experiment, it is recommended
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that, farmers in the study could combine NPK and PM at 400
kg NPK (15:15:15) ha* and 0.5 t of PM ha for high maize
yield. This combination, in addition to increasing yield, it
improves the soil physical properties such as soil structure and
water holding capacity, as well as reduces production cost by
reducing the use of expensive inorganic fertilizer with the
additional advantage of ensuring environmental health.
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