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Abstract. Challengesfacing humanity over theyears includefood insecurity, loss ofsoil and water resources
and associated ecosystem disturbance. The rate ofhungrypeople in developing world keeps on increasing and
causing death and malnutrition. Food shortages, food insecurity or undernourishment has assumed a global
dimension especially as climate change hits the globe with its negative impacts, with more severe cases recorded
in the poor-resource African countries. Soil is the natural capital which drives the agricultural sector, being a
strong-holefor crop/animalfarming, apart-from being a mediumfor production ofraw materials whichpowers
industrial and domesticproduction. The inherent quality ofsoil is impaired by variousfactors including climate
variability like excessive rainfall, which ends-up leaching nutrients downstream, thereby resulting in contamina-
tion o fwater bodies withfertilizer/agro-chemical residues. Like most tropical humidsoils, the inherent quality of
Nigerian soils is generally low, causing rapid degradation o fapplied nutrients and total cropfailure in extreme
cases. This has most often been exacerbated by mostprevalent land use/agricultural systems, coupled with the
problem of over-grazing and indiscriminate deforestation, alongside rapidpopulation expansion with conse-
quent urbanization and industrialization. For effective soil management, especially in theface ofclimate change,
the needfor Climate-Smart Strategy (CSS) towards agriculturalproduction becomes imperative, inother tofind
a Sustainable Approach (SA) to mans drive towardsfood productionfor effective survival. For efficient maize
(Zea mays L.) production, application of mineralfertilizer becomes an important aspectfor human/animal
foodproduction. Field experimentation was conducted at the Teaching and Research Farm ofthe Cross River
University o f Technology (Latitude 6° 06'N and Longitude 8° 18'E), to evaluate the potential o fNitrogenferti-
lizer as a Climate-Smart Approach (CSA)for sustainable maize production in the humid tropics. Maize seed
variety: Ikom Local White were treated to one level o fNitrogenfertilizer at 0.078 kg ha-1. The treatment was laid
out in a Randomized Complete Block Design (RCBD). The treatment were replicatedfour time to give a total
ofsixteen (16)fieldplots. Data collection onplant growth parameters (number ofleaves and height o fmaize)
were subjected to Analysis of Variance (ANOVA), while significant means among treatments were separated
using Least Significant Difference (LSD) at 5%probability level. Result obtained showed thatplots treated with
0.078 kg ha-1 ofNitrogen fertilizer (N-Fertilizer) significantly (p<0.05) increase growth parameter ofmaize
over the control. Outcome ofthe study concluded that 0.078 kg ha 1o fN-Fertilizer applied to Maize planted at
1m spacing betweenplants on bed increase crop growth, and acts as a CSA to remedy the rapid degradation of
humid tropical soilproductivity, andfor environmental sustainability.
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1. INTRODUCTION

1.1. Background of the Study

Over the years tropical soil degradation has
been a point of concern for agricultural including
environmental sustainability. This situation has
been worsen especially in the humid tropics of the
globe, with African low-income humid tropics been
the most disadvantageous (FAO, 2000), and almost
failing in her ability to feed the ever growing human
population found in countries like Nigeria. Soil
degradation has been referred to as an hindrance
to global sustainability, reducing the per capital
income of tropical regions, acting like a barrier to
improved standard of living of urban and mostly
rural people (Adiaha, 2016; World Bank, 2013).
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The devastating impact of climate change
on soil degradation word-wide has been disas-
trous (Obigbesan, 2014), dragging Scientists,
academicians, policy makers, business tycoons
including Agricultural practitioners to come
together, seeking lasting solutions to resolving
the problem, kicking into action different forms
of conferences, symposia, workshop including
seminars, all with the aim of developing mitiga-
tive or adaptive approaches towards lasting solu-
tion to tackle the problem.

Changes caused by climate variability, resulting
in increased cases of annual flooding; causing
massive urban and rural destruction of lives and
properties has been reported by many researchers
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including Obigbesan (2014) and Oku (2011),
presenting the phenomena as agents driving soil
erosion, that reduces per capital income ofa nation
(Okuetal., 2014). Results oflandslides, longer dry
periods, shrinking water supplies, desertification,
unpredictable and changing in seasonal weather
pattern has been reported by many climate change
scientists including Oku (2015) and Obigbesan
(2014). This changes has resulted in low crop
yield, including increased in human/animal
hunger, leading to disease outbreak, malnutrition
including global food shortages.

Nitrogen (N) is an essential and often a limited
nutrient to plant growth. Nitrogen is an important
plant nutrient, N determine plants vegetative and
reproductive phase (Adiaha, 2016). Nitrogen has
been reported by Amonymous (2000) to make
up 1-4% of maize dry matter. N plays a key
function in chlorophyll and enzymes activities
in the plant system, with visible sign of reduce
growth (Adiaha, 2016) when the nutrient is
deficient. Maize responds effectively to supple-
mental N, which leads to annual application of
about 10 million metric tons ofN fertilizer (FAO,
2004; Stephen and Below, 2009). All cultivated
maize crop in most developing countries receives
some form of N fertilizer for maximum growth
and yield, The extensive use of N fertilizer has
been found not only to increase crop production
output, but also act as a remedy to the loses of
N from cultivated soils/landuse systems to the
atmosphere (FAO, 2004). The use of N fertilizer
has been reported by Tilman et al. (2002) to have
an impact in the ecosystem.

Nitrogen Use Efficiency (NUE) can be defined
in a variety of ways that emphasize different
components of the soil and plant system (Good et
al., 2004; Stephen and Below, 2009). In most cereal
crops like maize, agronomic NUE is most simply
expressed as the ratio of grain yield to N fertilizer
supplied. Comparisons of maize grain yields and
N fertilizer usage on a global scale have been
accessed to have led to NUE ranging from 25-50%
(Raun and Johnson, 1999; Tilman et al, 2002),
presenting a view that half of the N fertilizer in
maize production is lost to the environment, espe-
cially due water run-offor flooding of farm lands.

Maize is a cereal crop, and belongs to the grass
family Poaceae. Maize is also known as corn, with
itsorigin from Central Americantropics and Mexico
(Brewbaker, 2003; Adiaha, 2016). Corn has been
found useful in human/animal nutrition, medical,
pharmaceutical, industrial, economic and herbal
value (Adiaha, 2016). Corn is widely produced
in the United States, with an annual production of
310 million metric tons and a world production at
177.3 million tons and yield of 3.6tons per acre.
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Presenting USA as the largest corn producer in the
world. Nigeria produces 8 million tons of maize
(IITA, 2014), giving Nigeria a leading step in corn
production within the Sub-Saharan Africa.

A climate-smart Agricultural System looks
carefully into mechanism for adapting into the
trend of climate change. Oku (2015) presented a
view that inability oftraditional farmers to key into
the trend ofthe changing climate is one hindering
factors towards global sustainability. A Climate-
Smart Agriculture (CSA) is an approach that helps
to guide actions needed to transform and reorient
agricultural practitioner/systems to effectively
support development and ensure food security in a
changing climate (FAO, 2006). CSA aims to tackle
three main objectives: sustainability increasing
agricultural productivity and incomes; adapting
and building resilience to climate change, and
reducing and/or removing greenhouse gas emis-
sion, where possible (FAO, 2006).

CSA tends to develop agricultural strategies
to secure sustainable food security under climate
change. CSA has been reported by several
research literature including reports of FAO
(2006) as a means of providing a strategy to help
stakeholders at local and international level, to
identify best agricultural practices/systems suit-
able to their local area/conditions.

Against the rapid degradation oftropical soils,
and as a means to adapt to the changing climate,
the need for this research becomes imperative
with the following objectives:

1 Present the influence of Nitrogen fertilizer
on maize growth parameters

2. Presentaview that N-fertilizeris a climate-
smart approach for sustainable maize production
in the humid tropics.

2. MATERIALS AND METHOD

2.1. The Study Area

The study was conducted at the Teaching and
Research Farms of Cross River University of
Technology, Obubra, Cross River State, south-
south Nigeria. The area lies between Latitude 6°
06'N and Longitude 8° 18 E inthe rainforest zone
of Nigeria. The area has an average annual rain-
fall range of 2250-2500mm per annum (CRADP,
1992) and annual temperature range of 25 °C to
27 °C. The geological material of soil in the study
area is an Ultisol, derived from coastal plain
sands, characterized by low organic matter, low
cation exchange capacity and are highly leached
(Kekong etal., 2014; Onweremadu et al., 2011).

Tropical rainforest is the dominant vegetation
of the area, through with remarkable ecological
diversity caused anthropogenic activities, espe-
cially farming and deforestation, resulting to
depleted vegetation as a responds to demographic
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pressure. Subsistent farming is a major socio-eco-  materials. The location map of the study area is
nomic activities of the local. Soil fertility resto- shown in Figure A and B and the actual position
ration in the area is done by semi-bush fallowing  on earth was determine using Google Earth soft-
and through application of limited/scares organic ~ ware 3.0 as presented in Figure C.

7°55'E 8-00'E 8°05'E 8°10'E

7°55'E 8°00'E RW E 8°10'E

Fig. A: Map of Cross River State of southern Nigeria
Source: https://www.researchgate.net/profile/Chmezie_Emeka/publication/273151557/figure/fig1/AS:2948514143
80548@1447309463634/Geological-map-of-Abi-LGA-a-showing-locations-of-VES-stations-and-ERT-profiles.png

Fig. B: Map showing the different localities in the study area
Source: https://www.researchgate.net/profile/Chmezie_Emeka/publication/273151557/figure/fig1/AS:2948514143
80548@1447309463634/Geological-map-of-Abi-LGA-a-showing-locations-of-VES-stations-and-ERT-profiles.png
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Fig. C: Aerial map ofthe position ofthe study area was developed using Google Earth software 3.0
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2.2. Land Preparation:

The study area which was under two years
fallow, dominated by shrubs and grasses was
mapped out manually, cleared using cutlass and
hoe and mapped out into experimental plots.
Composite soil samples were randomly collected
for pre-planting soil sample analysis and to deter-
mine if fertilizer should be applied to the soil or
not. Sampling was done using soil auger at 0-30 cm
depth. The samples were air dried for a period of
one week and sieved using 2mm mesh sieve and
then subjected to routine laboratory analysis.

2.3. Field Layout and Experimental Design:

The study site was mapped into sixteen (16)
field plots. Each plot measured 4 x 4m with inter
plot and inter replicate distance of 1m each.

The experimental plots were manually tilled
to form bed. The treatments were laid out in a
Randomized Complete Block Design (RCBD)
with four replications.

Planting and cultural practices

Maize seed (lkom Local White), an early
maturing maize cultivar widely cultivated in the
area were sown on August 1¢, 2016 and 2017
respectively. Healthy seed were collected from
Agricultural Extension Office, Ikom, Cross River
State, Nigeria and treated with Apron plus (seed
dressing chemical). Seedlings were sprayed with
an insecticide- Sniper (Vinyl dimethyl phosphate
DDVP, 1000EC) to control insect attack.

2.4. Treatments:

In both 2016 and 2017 studies, the treatments
consisted ofone level ofNitrogen fertilizer (Urea)
at 0.078 kg ha-lapplied to the sixteen field plots.

2.5. Application of N-Fertilizer to the Test
Crop

The treatment was carefully applied by ring
application method as described by (Adiaha,
2016) to each stand of the planted maize (Zea
mays L.) at all the various replication.

2.6. Routine Agronomic Practices

a. Thinning: Maize seedlings were thinned
to two seedlings per stand.

b. Replacement of missing stand, missing
stands were replaced for uniform field/crop
establishment

c. Weeding: First weeding was done at one
(1) week after planting of the test crop.

Fertilizer  application (Experimental
procedures)

N-fertilizer was applied five (5) Weeks after
Planting (WAP) in a ring method according to
procedures described by Adiaha (2016) at an
application rate 0f0.078 kg ha-Lofurea containing
(46%N), applied at a ring distance of 10 cm from
the plant root and at a depth of 5 cm. After which
the ring was covered with soil

2.6. Measurement of Growth Parameter

Netplotplants were selected and labeled/tagged
specifically for data collection. An in-situ measure-
ment of plant height and leaf was measured on a
weekly interval. Plant height was measured using
a metre rule from the surface of the soil to the tip
ofthe tallest leaf (Nwafor, et al., 2010).

2.7. Laboratory analysis

Particle size distribution was determine by
hydrometer method according to the procedure
established by Gee and Bauder (1986). Bulk
density was determine by core method according
to Grossman and Reinsch (2002). Total porosity
was calculated from the result of bulk density
using the formular:

Total Porosity (TP) = [1 - (BD/Pd x 100)] (1)

Where: Pd = particle density (2.65g/cm3
Bd = Bulk density
Moisture Content was determine using the
formular:

% soil moisture content =
= (weight ofthe moisture contained in the soil
sample/weight of soil sample) x 100 (2)

Silt/Clay ratio was calculated by dividing the
value of the silt fractions by the clay fractions.
Soil pHwas determine in water and in KCI using
metre in soil/liquid suspension of 1:2.5 according
to Hendershot et al, (1993).

» Organic Carbon was determine using
chromic wet oxidation method according to
Nelson and Somers, (1982).

» Organic Matter: It was determined by the
dichromate wet-oxidation method as described by
Nelson and Sommers (1996). The value was multi-
plied by 1.732 to obtain organic matter content.

» Total nitrogen was determined by the kjeldahl
digestion and distillation method using concentrated
H2504and sodium copper sulphate catalyst mixture
as described by Bremmer and Yeomans (1988).

* Avilable Phosphorus: It was determined by
the Bray-1 method as described by Kuo (1996).

 Cation Exchange Capcity: Cation exchange
capacity was determine by method described by
Summer and Miller (1996).

» Exchangeable Cations: The bases were
extracted with neutral NH40Ac. Calcium and
magnesium were determine in the extract by
EDTA titration, and potassium and sodium by the
use of flame photometer (Udo etal, 2009).

3. RESULT AND DISCUSSION

3.1
Laboratory Analysis Result

Results obtain from the composite sample at
the study area before cropping, and application of
N mineral fertilizer is presented in Table 1

LAND RECLAMATION AND WATER MANAGEMENT Ne 12019
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1 Soil Physical and Chemical Status ofthe study Site before Experimentation (Cropping)

Soil Property 2016 2017
Sand (g/kg) 850 832
Silt (g/kg) 70
Clay (g/kg) 98
Textural class Sandy loam Sandy Loam
Silt/Clay Ratio 0.52 0.43
Bulk Density (g/cm3 1.44 1.40
Total Porosity (%) 44.0 445
Moisture Content (g/kg) 139 129.2
Organic matter (%) 1.80 1.90
pH H20 (1:2.5) 5.49 5.46
PH KCI (1:2.5) 4.29 4.27
Total Nitrogen (g/kg) 0.9
Avail. Phosphorus (mg/kg) 3.3
Exchangeable Ca (cmol/kg) 2.45 2.52
Exchangeable Mg (cmol/kg) 0.21 0.23
Exchangeable K (cmol/kg) 0.13 0.10
Exchangeable Na (cmol/kg) 0.18 0.19
Exchangeable Acidity (cmol/kg) 2.72 2.80
CEC (cmol/kg) 1.10

3.2. Statistical analysis

Field data (raw data) were processed and
analyzed, and presented in tables and graphs/
figures in this experiment.

All the data were analyzed using the proce-
dure for analysis of variance (ANOVA) for
Randomized Complete Block Design (RCBD).
Separation of means was done using Fishers
Least Significant Difference (f-LSD) at 0.05%
probability level.

3.3. Plant Data Collection

Data was collected on the following growth
parameters; plant height and number of leaves
across all the tag plants in all the replicates.

Plant height were measured first at 6 Weeks
after planting (one Week after fertilizer appli-
cation (WAFA)) according to method presented
by Adiaha (2016). Subsequent measurements
of plant height were taken at one Week interval
(WI) in all the net plots. Number of leaves
were counted and recorded for each treatment
throughout all the replications. This was done at
6WAP (IWAFA) and at 1WI interval.

Result obtained in plant height at one Week
after fertilizer application (IWAFA) showed that
plant height increase across the treatments at all
stages ofgrowth using ring application method with
highest plant height of (70.70 cm) at IWAFA been

2. Influence of N-Fertilizer on maize (Zea mays L.) height: as a Climate-Smart Strategy for Tropical

Agriculture. 2016 Experiment

Plantin Maize mean  Maize mean
Treatment Code Distanc% Treatment height at height at
1WAFA (cm) 5WAFA (cm)
0.078kg hal Urea by Ring
*
Treatment 1(T)  30cm*30cm Application method 60.71 74.44
0.078kg hal Urea by Ring
*
Treatment 2 (T2 Im*1m Application method 70.70 84.30
0.078kg hal Urea by Ring
*
Treatment 3 (T3  70cm*70cm Application method 61.61 75.67
0.078kg hal Urea by Ring
*
Treatment 4 (T4  30cm*25cm Application method 61.75 75.30
Treatment 5 (T5 Ef;':}‘:lorg Control 51.66 60.66
LSD (P < 0.05) 8.80 9.00

Mean was separated using Fishers separation (f -LSD). The least mean produced minimum plant height
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observed for com planted at Imx1m. Application of
0.078 kg ha-LN-fertilizer (urea) recorded a height of
61.75cm which was closely followed by 61.61cm at
a planting distance of 70cmx70cm. Application of
0.078kg ha-Lof N-fertilizer applied to maize sowed
at 30 x30cm recorded a mean value of 60.71 cm.
Plant heights differed significantly (P < 0.05) across
all treatments. The least (minimum) plant height
was obtained in the control plot (Random planting)
with a mean value of (51.66 cm).

Plant height at SWAFA indicated an increase in
height of the plants over the control. Application
of 0.078 kg ha-l N-fertilizer by Ring application
at 1 x1m gave the highest (P = 0.05) plant height
of 84.30 cm. This was followed by treatment
application to 70x70cm which recorded a mean
value of (75.67 cm). 30x25cm planting distance
recorded a mean value of 75.30 c¢cm indicating
that 70x70 and 30x25 influenced the plant height
almost at the same frequency by recording a mean
value almost at the same mean separation grade.
Application of 0.078 kg ha-1 N-fertilizer by ring

MEAQPAmMXI| BQffHEWCNQffAPCTBQ, No 1 +2019

method influenced the plant height to 74.44 cm
at SWAFA, indicating a significant difference in
maize height over the control. The control mean
height was recorded at (60.66 cm) 5WAFA,
presenting the control as the least in maize height
recorded at five (5) weeks after fertilizer applica-
tion. The increase in plant height at 1IWAFA and at
S5WAFA indicated that application 0f 0.078 kg ha-l
N-fertilizer by Ring application, to all the
different planting distance significantly (P < 0.05)
influenced the plant height, thereby resulting in a
height which stands over the control.

The result obtained in plant height in this
experiment agrees with the findings of Omotoso
and Shittu (2007) who reported increase in
Abelmoschus esculentus (L.) growth parameters
when NPK fertilizer was applied by ring method
of application. Also findings of this study agrees
with the experiment of Adiaha (2016), where
the Scientist reported significant increase in Zea
mays L. growth parameter due to application of
mineral fertilizer.

Figure 1 2016, Influence of N-Fertilizer on Zea mays L height in rain prone area
in southern Nigeria (plant height at SWAFA and 1WAFA)

10,5 10,5
10 10
9.5 9.5
9 9
8.5 85
8 8
7.5 7.5

T1 T2 T3 T4 T5

T1 T2 T3 T4 T5

Fig. 2: 2016, Zea Mays L. height as influence by N-fertilizer:
An approach for Climate-Smart Agriculture
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3. Influence of N-Fertilizer on maize (Zea mays L.) height: as a Climate-Smart Strategy for Tropical

Agriculture (cm). 2017 Experiment

Plantin Maize Mean  Maize mean
Treatment Code Distancge Treatment height at height at
1WAFA S5WAFA
. 0.078kg hal Urea by Ring
*
Treatment 1 (Tj)  30cm*30cm Application method 59.51 75.23
0.078kg hal Urea by Ring
*
Treatment 2 (T2 Im*1m Application method 72.73 85.78
0.078kg hal Urea by Ring
*
Treatment 3 (T3  70cm*70cm Application method 61.87 75.69
0.078kg hal Urea by Ring
*
Treatment4 (T4  30cm*25cm Application method 60.88 77.09
Treatment 5 (TH Eli?gﬁ:g Control 52.18 60.15
LSD (P < 0.05) 5.69 8.66

Mean was separated using Fishers separation (f-LSD). The least mean produced minimum plant height

Analysis ofvariance forplantheight at IWAFA
indicates a significant (P < 0.05) difference with
Ring application at 1*1 m producing (72.73 cm)
maximum plant (P = 0.05) height overthe all other
treatments. 70*70cm planting distance produced
a mean value of 61.87 cm, followed by 60.88 cm
in 30*25cm spacing distance, presenting these
treatments as effective compared to the control.
30*30 cm planting distance recorded a figure at
59.51 cm, indicating the effect of this treatment
over the (52.18 cm) observed at the control. At
5 Weeks after fertilizer application, treatment
two ((T9 1m*1 m) produced plants with a mean
height of 85.78 cm, reflecting the influence of
this treatment to consistently increase the height
of the plants. Result obtained for 70*70 cm
spacing shows significant (P = 0.05) increase
in the height of maize plant over the control.

Treatment one ((TD30 cm*30 cm) and treatment
three ((T430*25 cm) produced a mean height of
75.23 cm and 77.09 cm) respectively. The least
plant height was recorded in the control plot
with a mean value of (60.15 cm) in this exper-
iment. Data obtained in the 2016 experiment is
similar with 2017 experiment and agrees with
the experiment of Omotoso and Shittu (2007)
which recorded increased growth characteris-
tics in Abelmoschus esculentus (L.) when NPK
fertilizer was applied by ring method. Olufolaji et
al. (2002) reports also agrees with this findings,
where they recorded an increase growth parame-
ters using ring application method. Research of
Adiaha (2016) is also in line with this finding,
where the experimenter reported increase in Zea
mays L. growth parameters over the control using
mineral fertilizer.

Influence of N-Fertilizer on Zea mays L. height, 2017 at
ODbHbf |

T5

T4

T3

T2

T1

0 5 10
m Mean height of Zea mays L at IWAFA

15 20 25 30
m Mean height of Zea mays L at SWAFA

Fig. 3: 2017, Influence of N-Fertilizer on Zea mays L height in rain prone area
in southern Nigeria (plant height at SWAFA and 1WAFA)
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Fig. 4. 2017, Zea Mays L. height as influence by N-fertilizer:
An approach for Climate-Smart Agriculture

3.4. Number of leaves

Table 4 presents the trend observed and
recorded in the number of leaves as influence by
application N-fertilizer.

The data recorded in Table 4, showed the trend
observed in the number of leaves produced by the
plant at different stages of growth. At IWAFA
there was no significant (P > 0.05) difference in
the number of leaves per plant among the various
treatments. At one Week after fertilizer applica-
tion to planting distance at 30x25cm produce
the highest number of leaves (10.33), giving it
an edge over the control. Planting distance of
70x70 cm recorded a mean value of 9.73, which
was closely followed by 1x1m distance which
recorded a mean value of (9.70). 30x30 cm
distance method produced a mean number of
leaves at 9.18, indicting an increase over the

control which recorded a mean value of 8.75. At
five (5) weeks after fertilizer application, 1x1m
planting distance produced 17.73 mean number
of leaves, which was significantly (P < 0.05)
different, producing the maximum (P = 0.05)
number of leaves over all other treatments.
70x70 cm planting distance recorded a mean
value of (17.73), placing T2and T3over Tland T4
BC and the control (Random planting). 30x30 cm
and 30 x25 cm produced (15.93 and 15.75) mean
value respectively, presenting these treatments as
preferred over the control which recorded a value
of 14.96 mean number of leaves.

Results obtained by ANOVA analysis indicates
maximum (P = 0.05) number of leaves in Ring
application method at plant spacing of 1m x1 m,
with a mean value of (11.51). 10.93 mean value
was recorded in 30x25 cm spacing which shows

4. Influence of N-Fertilizer on maize (Zea mays L.) number of leaves, as a Climate Strategy for

Climate Change Resilience (cm). 2016 Experiment

Plantin Maize Mean  Maize Mean
Treatment Code Distancge Treatment height at height at
1WAFA SWAFA
0.078kg hal Urea by Ring
Treatment 1(T)  30cmx30cm Application method 9.18 15.93
0.078kg hal Urea by Ring
Treatment 2 (T2 Imx1m Application method 9.70 18.36
0.078kg hal Urea by Ring
Treatment 3 (T3  70cmx70cm Application method 9.73 17.73
0.078kg hal Urea by Ring
Treatment 4 (T4  30cmx25cm Application method 10.33 15.75
Treatment 5 (TH Rand_om Control 8.75 14.96
planting
LSD (P < 0.05) NS 1.76

Mean was separated using Fishers separation (f-LSD). The least mean produced minimum number of leaves
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Fig. 5. Zea Mays L. No. of Leaves as influence by N-fertilizer for Climate Smart Agriculture
Number of leaves at IWAFA Numberofleavesat 5SWAFA
10,7 10,5
10 10
9,5 9,5
9 9
8,5
8 8
7,5 75
T1 T2 T3 T4 T5 T1 T2 T3 T4 T5

Fig.6. Behavior of growth number of leaves of Zea Mays L.
under the influence of N-fertilizer in humid tropical soils of Sothern Nigeria

5. Influence of N-Fertilizer on maize (Zea mays L.) number of leaves, as a Climate Strategy for
Climate Change Resilience. 2017 Experiment

Maize Mean Maize Mean

Treatment height at height at
1WAFA SWAFA

Planting

Treatment Code .
Distance

0.078kg hal Urea by Ring

Treatment 1(Tj)  30cm*30cm Application method 10.30 16.54
0.078kg hal Urea by Ring
Treatment 2 (T2 Im*1m Application method 1151 19.75
0.078kg hal Urea by Ring
*
Treatment3 (T3  70cm*70cm Application method 10.45 18.68
* 0.078kg hal Urea by Ring
Treatment 4 (T4  30cm*25cm Application method 10.93 18.86
Treatment 5 (TH E& E?an Control 9.10 15.21
LSD (P < 0.05) 1.60 2.05

Mean was separated using Fishers separation (f -LSD). The least mean produced minimum number of leaves
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an increase in the number of leaves produced.
70x70 cm distance produced 10.45 mean numbers
of leaves. 30x30 cm spacing recorded a mean
value of 10.30, indicating an increase over the
control. The least number of leaves was produced
in the control. At 5 Weeks after fertilizer appli-
cation, Ring application to 1 m xi m still main-
tained it positive influence on the crop, producing
a mean value of (19.75) number of leaves, indi-
cating a significant (P < 0.05) difference over the
control. 30x25 cm and 70x70 cm recorded a mean
value at (18.86 and 18.68) respectively, presenting
these treatments as been positively influencing the
growth parameters of maize. 30x30 cm spacing
method recorded a mean value at (16.54), indi-
cating an increase over the control. All treatments
increased the number of leaves ofthe crop, except
the control which produced the least number of

MEJIOPAIIIIBOffHEWCNOfIAPCTBO, Ne 1 «2019

leaves (15.21). The result obtained in number
of leaves in this experiment is in line with the
submission of Olufolaji et al. (2002); Omotoso
and Shittu (2007), where they recorded an increase
in plant growth parameters with the application of
mineral fertilizers. Outcome ofthis finding further
confirms the report of Adiaha (2016), where the
scientist presented significate (P < 0.05) increase
in Zea mays L. growth parameter after application
of mineral fertilizer.

3.5. Climatic and hydrological Data

Climatic and hydrological information about
the study area was collected in the weather station
at the Cross River University of Technology
(CRUTECH). Information presented in Table 6
indicated both extreme and normal trend occur-
ring in the experimental site during the experi-
mental year 2016 and 2017 respectively.

Fig. 7. Zea Mays L. No. of Leaves as influence by N-fertilizer for Climate Smart Agriculture

14 Zeamays L. No.of Leave at IWAFA

12

10

T1 T2 T3 T4 T5

No of Leaves at SWAFA
25

20

Ar ~Nn18,68 10,8£

16,54
15 15,21

10

T T2 T3 T4 T5

Fig. 8. Behavior of growth number of leaves of Zea Mays L.
under the influence of N-fertilizer in humid tropical soils of Sothern Nigeria, 2017
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6. Experimental sites weather data summary of 2016 and 2017 cropping seasons
Months Rainfall . Temperature (09). Relative Humidity
Maximum Minimum (%)
2016 Cropping Season
March 58.3 34.1 27.2 72.2
April 163.2 34.5 25.8 81.1
May 263.1 313 22.1 83.1
June 537.1 30.1 23.1 87.7
July 637.5 323 24.3 90.8
August 389.8 29.2 25.1 85.3
September 4215 28.1 26.4 87.2
October 301.2 30.4 20.1 75.5
November 187.1 29.5 20.1 84.1
December 153 29.5 20.1 65.7
Total 2974.1 308 239.5 812.7
Mean 297.41 30.80 23.95 81.27
2017 Cropping Season

March 38.3 34.2 28.1 70.3
April 229.5 335 26.4 78.6
May 321.4 324 24.5 80.7
June 446.87 34.5 22.7 85.4
July 701.24 313 229 88.6
August 343.89 30.2 26.3 80.9
September 402.5 29.5 25.7 84.3
October 301.7 28.7 25.3 84.2
November 107.5 28.5 23.4 78.6
December 13.8 28.1 22.3 76.4
Total 2906.6 310.9 247.6 719.1
Mean 290.66 31.09 24.76 7191

Fig. 9: Test crop at physiological harvesting

4. CONCLUSION

The result obtained showed that 0.078 kg ha-1
of N-fertilizer applied by ring method signifi-
cantly (p<0.05) influenced the overall growth
performance of maize over the control, and
contribute to environmental sustainability, while

2019 *Ne 1 MEJTIOPALIA | BOOHE TOCMNOAAPCTBO

in turn been a smart approach to crop production
in the face of the changing climate. Application
of N-fertilizer at the right point of application:
two weeks after planting (2WAP) had signifi-
cant influence on the growth of maize. Studying
the application of N-fertilizer as a climate smart
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approach for improvement of soil fertility/
productivity and for sustainable crop production,
it is concluded that application of N-fertilizer at
the right time, and at the required quantity is effi-
cient and responsive as a climate smart approach
to combat the change due to variabilities in the
climate, and maize has been observed to responds
well to the application 0f0.078 kg ha-LofN when
planted at 1m* 1m spacing on bed.

Key Contribution of the
Knowledge

Study to

2. N deficiency in humid tropical
has always been a problem, and exacerbated
by the impact of climate change. To combat
this, this study have proof that the application
of N-Fertilizer (Urea) at five (5) Weeks After
Planting will boost the growth stage of Zea mays
L. (corn), and make nutrients available in the
soil for exchange between crop and soil, as it is a
climate smart approach to crop production under
the current trend in the impact of climate change
on Agriculture.

L Timely and application of N containing Acknowledgement

fertilizer at 0.078kg ha-1 has been found to be
productive for maize production in southern
Nigeria under rain-fed cultivation.
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bl.C Aguaxa
Bopbba ¢ gerpagaunein TpONMYECKNX MNOYB: PO/b a30THbIX YA00peHN KaK coCcTaBAsoLW el
KNMMaTUYEeCKM pa3yMHON cTpaTerum B cdepe apeKTUBHOIO NPon3BOACTBA KYKYPY3bl

AHHOTaums. Mpobnembl, CTOAWME Nepes YeNoBeYECTBOM Ha NPOTAMKEHUN MHOMMX NeT, BKIOYAKT
0TCyTCTBME NPOSOBONLCTBEHHOW 6€30MacHOCTYW, NOTEPI0 NOYBEHHLIX U BOAHBIX PECYPCOB W CBA3AHHbIE
C 3TVM HapyLUEHNs1 3KOCMCTEMbI. UMCNOo rofofarowmx Nlofeil B pasBuBatOLLMXCS CTpaHax NpofomKaeT
YBENMUMBATLCS, BbI3biBAA HefoefaHue W CMepTb. HexsaTka NpojoBONbLCTBYA, OTCYyTCTBUE NMPOLOBO/b-
CTBEHHOI 6e30MacHOCTY WKW HeAoedaHWe NMPUOBPENM rnobanbHbIA XapakTep, 0COGEHHO B CBS3N C TeMm,
YTO WM3MEeHEeHVEe KaMmaTa noparkaeT BeCb MUP CBOMMMU HEraTWBHLIMW NOCNEACTBUAMK, Npuyem 6onee
CEepbEe3HON 3Ta CUTYyalUus 0TMeYaeTCs B aPpuKaHCKUX CTpaHax ¢ orpaHuyeHHbIMK pecypcamu. Mousa
ABNSETCA NPUPOAHLIM KanuTanoM, KOTOpPbIA ABMXKET CeNbCKOXO3ANCTBEHHbIM CEKTOPOM, SBASISICH
CWbHOI OCHOBOWN AN1A pacTEeHNEBOACTBA/>KMBOTHOBOACTBA, NMOMUMO TOr0, YTO ABNAETCA Cpenfoit ans
MPOM3BOACTBA CbIpbs, KOTOPOE 06ecreyunBaeT MPOMbILLEHHOE U BHY TPEHHEE NPOU3BOACTBO. Ha kaue-
CTBO MOYBbI BMAIOT pas/inyiHble (DaKTOopbl, B TOM YMCE U3MEHUMBOCTb KIMMATA, Hanpumep Ype3MepHoe
KOMMYECTBO OCAAKOB, YTO NPUBOAWT K BbIMbIBAHWIO MUTATE/bHbIX BEWECTB BHWA3 N0 TEYEHU0, YTO
B CBOIO O4epefb NPOBOLMPYET 3arpsisHeHne BOLOEMOB YA06peHNsIMUM/OCTaTKaMy arpoXuMUKaTOB.
MpucyLine HUrepUnCKUM, Kak 1 60MbLUMHCTBY TPOMUYECKUX BAAXKHbIX NOYB, CBOWCTBA, Kak npasuno,
HU3KWMe, YTO NPUBOAMT K ObICTPOA Aerpajauvy BHOCUMbIX MUTATENbHbIX BELECTB W MOAHOMY
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Heypo>Kalo B 3KCTpeMalbHbIX ciydasx. Yalle BCero 3TO ycyrybnseTcsa npuMeHeHMeM Haubonee
pacnpocTpaHeHHbIX CUCTEM 3eM/enoNb30BaHNsA/BEAEHUA CeNbCKOro X03AMCTBa B COYeTaHuu
C NpobnemMoi Ype3MepHOro Bbinaca cKoTa U GecrnopsfoyuHol BbIpYOKOW NecoB Hapsigy € GbICTpPbIM
POCTOM HaceneHus ¢ nocnegytoLLein ypbaHusaunei  nHaycTpuanmsaumein. 4na achpek TUBHOIO ynpas-
NEHNS NOYBEHHbIMU pecypcamu, OCOGEHHO B YCNOBUAX W3MEHEHMS KAMMaTa, O4YeHb OCTPO BCTaeT
BOMPOC O HEOOXOAMMOCTU NPUHATUS KNMMaTUYeCKn pasyMHoi cTpaTerun (CSS) B cihepe CeNbCKOXO-
3AMCTBEHHOrO NPOM3BOACTBA C LieMbI0 HANTU YCTONUMBLIA NOAX04 (SA) K MPon3BOACTBY NPOA0BO/bL-
CTBUA AN Bb>KMBaHWA YenosevecTBa. Ana 3(hheKTMBHOINO MPOM3BOACTBA KyKypy3bl (Zea mays L.)
MPUMEHEHNE MUHEPabHbIX YA0OPEHUA CTAHOBUTCS Ba>KHbIM acneKTOM MpPOU3BOACTBA MPOAYKTOB
nUTaHusa A1 YenoBeka/>KMBOTHbIX. [1o/eBble 3KCNepuMeHTbI NPOBOAMAN B yYebHO-UCCNejoBaATeNb-
CKOM (hepMepCcKOM X03aicTBe TeXHONOrMyeckoro yHueepcnTeTa Kpocc-Pusep (lwimpoTa 6° 06' ceBep-
HOM WMPOTbl 1 8° 18° BOCTOYHON AONTOTHI), C LENb0 OLEHKN MOTEHUMana a3oTHbIX yA0OpeHuid
B KauecTBe KIMMaTW4eckn pasymHoro nogxoga (CSA) ans ycTOoWYMBOrO NPOM3BOACTBA KyKYpy3bl BO
BNa>KHbIX Tponukax. CemeHa Kykypysbl copTa lkom Local White o6pabaThbiBany a3oTHbIMK yg006pe-
HusmuK B go3e 0,078 kr/ra. O6paboTKa NPoBOAUNACHE BPaHAOMN3MPOBAHHOM NOHOM 604HOM An3aiiHe
(RCBD). O6paboTKy NOBTOPSNM YeThbIpe pasa, YT0o6bl NOAYYMTb B 06LLUEHA CNOXKHOCTW LueCcTHa-
uaThb (16) nonesbix yuacTKoB. CobpaHHble [JaHHble 0 NapameTpax PocTa pacTeHuin (KOnMYecTBO
NCTbEB W BbICOTA KyKypy3bl) noABepraamch gucrnepcnoHHomy aHannsy (ANOVA), B TO Bpems Kak
3HaUMTeNbHble CPeHME 3HAYeHUs BXoe 06paboTKM 6blaKn BblAENEHbI C UCMONb30BaHWEM HAUMEHbLLErO
3Haumumoro pasnuuusa (LSD) npu ypoBHe BeposTHOCTW 5%. onyyeHHbld pesynbTaT nokasan, 4YTo
yy4acTKu, o6paboTaHHble 0,078 kr/ra asoTHoro ygobpenns (N-yaobpeHue), sHaumTensHo (p = 0,05)
YBENNYMBAKOT NapameTp pocTa KyKypy3bl N0 CPABHEHWIO C KOHTPONEM. B pe3ynbTaTe nccnefosaHus
6b11 caenaH BbiBog 0 ToM, 4TO 0,078 Kr/ra N-yfo6peHns, BHOCUMOIO NOA KyKypy3y, MOCa>KeHHYI Ha
paccTosHUM 1 M Me>XKAy pacTeHUsMU, YBENMUMBAET POCT ypodXKas U BbiICTynaeT B kadecTse CSA
C LUenblo NpefoTBpalleHns ObICTPOro yxyALleHUs NPOLYKTUBHOCTM BNAa>KHbIX TPOMUYECKUX NOYB
1 06ecneyYeHns 3KONOrMYECKON NX YyCTORYMBOCT M.
KntoyeBble cnoBa: KAMMATUYECKW pasymHas CTpaTerus, TPOMUYECKUe MouBbl, a30THOe YAo6peHue,
KyKypy3a, 6opbba

M.C Agiaxa
BopoTbba 3 gerpagauieto TPOMiYHMUX I'PYHTIB: PONb a30THUX J06PUB AK KNIMaTUYHO PO3YMHOT

cTparteriiy ciepi epeKTMBHOI0 BUPOBHULTBA KYKYpYyaA3n

AHoTauis. Mpobnemn, AKi CTOATbL Nepes NOACTBOM MPOTArOM 6araThOX POKiB, BKIOYAOTb BiACYT-
HICTb NPOLOBOMLYOI 6e3MeKN, BTPaTY IPYHTOBMX | BOAHUX PECYPCIB | NOBH3aHI 3 LM NOPYLLEHHS eKocuc-
Temu. Yucrno ronofytounx Niogei B KpaiHax, L0 po3BMBalOTLCS, NPOJOBXKYE 36i/bLUYBATUCS, BUKIMKAOUN
CMepTb i HefoifaHHA. HecTaya npogoBonbCTBa, BIACYTHICTb NPOA0BONbYOT 6e3nekn abo HepoigaHHs
Habym rnobanbHOro xapakTepy, 0CO6MMBOY 3B H3KY 3 TUM, L0 3MiHa KNiMaTY Bpa>kae Becb CBIiT CBOIMM
HEraTMBHUMM Hacnigkamu, npuyomy Ginbll Cepito3Ha cuTyalis CKNagaeTbCs B adypuKaHCbKMX KpaiHax
3 0BMe>KeHuMK pecypcamu. TpyHT - Lie NPUPOLHWIA KaniTas, SIKWA € PYLUIHOK CUAOK CifbCbKOrocno-
[lapCbKOro CeKTOopy @, 6yay4n OCHOBHOK 6a30t0 ANA POCAMHHUL TBA/ TBAPUHHWLTBA, KPIM TOro LU0 BiH €
cepefioBULLEM N5 BUPOBGHWLTBA CUPOBUHY, L0 3a6e3nedye NPpOMUCIOBE BUPOBHULTBO. Ha AKiCTb IpyHTY
BMAMBAOTb Pi3HI YNHHMKK, B TOMY YMCNi MIHAMBICTb KNiMaTY, Hanpuknag HagmipHa KinbKicTb onagis, Wo
MPU3BOAMTD A0 BUMMBAHHSA MO>XKMBHUX PEYOBMH YHM3 3a Teui€to, |, K HacnifoK, A0 3a6pyaHEHHS BOAOKM
[L06pyBamn/3aniLLKaMy arpoximMikaTiB.
BnacTuMBOCTI HirepilicbKuX rpyHTIB, AK i 6iNbLIOCTI TPONiYHKUX BONOTUX IPYHTIB, SIK NPABW/IO, HW3bKI, LLO
NpW3BOAMTb [0 LUBWAKOT Aerpagaii BHECEHNX MOXKMBHUXPEYOBIWH | MOBHOIO HEBPOXKALO B EKCTPEMA/IbHUX
BUNagKax. YacTo Le nornmbnioeThes i3-3a Yepes BUKOPUCTAHHA HanbibLL NOLUMPEHNX CUCTEM 3eMEKO-
PUCTYBaHHA/CiNIbCbKOro rocnofapcTBa B NOeAHaHHI 3 TP06ieMO0 HagMipHOro Bunacy xyaobw i 6esnagHoi
BUPYGKY NiciB NOpsAA i3 LWBMAKWM 3pOCTaHHAM HaceneHHs 3 nofjanibLuoto ypbaHisalieto i iHgycTpianiza-
uieto. 4nsi edheKTMBHOIO YNpaBniHHA rpyHTOBUMY pecypcamii, 0CO6/IMBO B YMOBaX 3MiHW KNiMaTY, BUHWKAE
rocTpa noTpeba B KniMaTUYHO NpogymaHii cTpaTerii (CSS) Woao CinbCbKorocnoAapcbKoro BUpo6HU-
UTBa, 419 TOro W06 3HaNTK CTiliKWiA nigxia (SA) A0 BUPOGHWL TBA NPOAOBONLCTBA 3 MET O BUXKMBAHHS]
noacTBa. Ans epek TUBHOIO BUPOGHULTBA KYKypya3mn (Zea mays L.) 3aCTOCyBaHHSA MiHepabHUX J06pUB
CTae Ba>K/MBIM acrneKTOM BUPOBGHMLTBA NPOAYKTIB XapyyBaHHs Ansi NioguHu/ TBapuH. Monbosi ekcne-
PUMEHT M NPOBOAWIN HA HaBYaNbHO-A0CNIAHOMY (hepMepCLKOMY rocrnofapcTBi TeXHONOorivyHoro yHisepcu-
TeTy Kpoc-Pisep (wmpoTa 6 °06' niBHiYHOT WMpoTY Ta 8 ° 18 °cxifHoi 4oBroTH), 3 MET OO OLiHIOBaHHS
NOTeHLiay a30 THUX A0OPUB K CK1af0BOIAKICHOrO KniMaTUYHO po3yMHoro nigxoAdy (CSA) ana cTiikoro
BMPOOHML TBA KYKYpYyA3n y BONOrMX Tponikax. PisHoBnA HaciHHs Kykypyasu lkom Local White 06po6nsinm
a3o0THUMU fo6prBamm B 1o3i 0,078 kr/ra. O6po6iTOK NpoBOAUNM BPAHAOMi30BAHOMY NOBHOMY 6/10KOBOMY
AusaitHi (RCBD) 3 4oTMpMpa3oBo NOBTOPKOBAHICTIO i Byno OTPUMaHO B LiNOMYy LWiCTHAAUATbL (16)
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NonbOBMX AiNAHOK. 3i6paHi AaHi Npo napameTpu pocTypocaunH (KiNbKiCTb IMCTKIB | BUCOTA KYKypya3w)
niggasanuca gucnepcinHomy aHanisy (ANOVA), B TOI Yac K 3HauHi cepefHi 3HaYeHHs, OTpUMaHi nig vac
00p0o6OK, OynM BUAINEHI 3 BUKOPUCTAHHAM HalMEHLLOT 3HauyLWwoi BigMiHHOCTIi (LSD) 3a piBHS /AMOBIp-
HOCTi 5%. OTpuMmaHi pesynbTaTw nokasanm, Lo Ha ginaHkax, ge sHocum 0,078 Kr/ra a3oTHOro gobpriea
(N-go6pmeo), 3HauHo (p = 0,05) nigsuiyBaBcs napameTp POCTY KyKYpyA3w B NOPIBHAHHI 3 KOHTPONEM.
Y pesynbTaTi gocnig>keHHs 6yno 3pobneHo BMCHOBOK npo Te, wo 0,078 kr/ra N-gobpvea, BHECEHOrO
Mg KyKypygsy, nocagykeHy Ha BiACTaHi 1 M Mi>K pocimHamu, Cnpuse 3po0CTaHHIO BPOXKalo i BUCTYNae
AK CSA fns 3anobiraHHs LWBMAKOrO NOripLUeHHs NPOLYKTUBHOCTI BONOrUX TPONIYHKX IPYHTIB i 3a6e3ne-
UeHHs TXHbOT EKOMOTIYHOT CTIAKOCTI.
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