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Abstract: Apart from the general use of maize, there is high demand for streak-resistant white variety for
popcorn production because of the unique explosive capacity of its seed coat. The growing business of
popcorn production in Nigeria is fast affecting its availability, hence the need to further enhance its
productivity above what sole application of organic and inorganic fertilizers can achieve, which is becoming
inadequate. A pot experiment was carried out by growing streak-resistant white maize variety in soil amended
with 100% inorganic NPK fertilizer (T ), 100% organic NPK fertilizer (T ), 100% organic soil conditioner (T ), 50%1 2 3

inorganic NPK fertilizer + 50% organic soil conditioner (T ) or 50% organic NPK fertilizer + 50% organic soil4

conditioner (T ), while those grown in soil without amendment served as the control (T ). Agronomic5 0

parameters, except stem girth were increased at T -T  over T which was significant (p < 0.05), except at T .1 5 0, 3

Similar results were also obtained on the relative growth rate, while root/shoot ratio was decreased significantly
at T4 and T5. Soil amendment significantly (p < 0.05)increased total chlorophyll, dry mass of leaves, stem and
root, as well as total biomass. Yield parameters including number of ears/plant, number of grains/ear, number
of grains/plant, grain yield and 1000-grainsweight were increased significantly under soil amendment, except
at T . Although, yield at T  and T  did not differ significantly (p>0.05) from those recorded at T  and T , higher3 4 5 1 2

values were obtained. Soil conditioner alone did not cause any significant(p < 0.05) change on the growth and
yield of the plant, but its addition to organic and inorganic fertilizers further increased their potential to improve
productivity over what was obtainable under their sole application.
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INTRODUCTION developing   countries   and   the   world   and   by  2050,

Maize is an important cereal crop consumed by double [1]. 
people with varying food preferences and it is of In spite of all efforts, maize yield in Nigeria, like in
significant economic importance in African countries. It is many Sub-Saharan Africa, is generally low: 1.528
a preferred staple food for over 900 million poor tons/hectare compared to 9.237 tons/hectare in the United
consumers, 120-140 million poor families and about one States of America as at 2011 [3]. Nigeria as in many
third of malnourished children [1]. All parts of the crop tropical climates is characterized by high rainfall, the
can be used as food and non-food products [2] and it has attendant effect of leaching and low level of soil organic
been to a wider range of uses than any other cereal. matter. Low soil fertility ranks among the most serious

In the Sub-Saharan Africa, maize production grew constraints of maize production, which are mainly due to
mainly through expansion in the area planted. However, reduction in the fallow period because of ever increasing
shortage of the land mass has eliminated area expansion population pressures.
as a potential source of production growth, thus, there is Farmers have long recognized the need to enhance
an increased attention on improving productivity. soil fertility by applying fertilizers, which make certain

It is estimated that by 2025, maize would have essential nutrients to be present in soil for plant uptake.
become the crop with the greatest production in However, crop yield is not only determined by the

the  demand  for  maize  in  developing  countries  will
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presence of nutrient in soil but also by its availability, Fertilizers and Soil Conditioner: Agro-chemicals used
thus nutrient content and availability in soil are important include organic NPK 15:15:15 fertilizer (Ag-zyme),
in crop yield. Recently, research has revealed that inorganic NPK 15:15:15fertilizer 15:15:15(Sidalco) and
enhancement of soil condition can further enhance organic soil conditioner (Ag-zyme), which were purchased
nutrient availability to plants. Soil conditioners are the from the Input Supply Unit of Agricultural Development
materials that make the soil more suitable for growth of Programme (ADP) office, at Akure in Ondo State, Nigeria.
plants [4]. Organic materials with a carbon/nitrogen ratio
below 20% are fertilizers while those with a Preparation of Treatment Solution: The agro-chemicals
carbon/nitrogen ratio greater than 30% are soil were in liquid form and they were prepared according to
conditioners [5]. Soil conditioners enhance soil properties the manufacturers’ instructions for each product by
including its structure, nutritional content, water-retention dissolving 500, 60 and 250 mL of organic fertilizer,
capacities and stabilization of soil aggregates, infiltration inorganic fertilizer and soil conditioner, respectively in 50
and workability of soil [6-8]. Some of the organic litres of water.
substances released during the mineralization of soil
conditioner may act as chelates that help in the Experimental Location and Set-up: Two seeds of Zea
absorption of essential ions and other micro-nutrients [7]. mays were sown in perforated plastic pots (30 cm diameter
In an earlier report, the yield of maize at 75 kgN/ha was not and 33 cm depth) filled with 20kg of top soil. Seedlings
significantly different from the yield at 150 kg N/ha [9], were thinned to one plant per pot at 3 weeks after planting
thus, enhancing the release of nutrients to plants in soil and arranged inside the screen house of Plant Science and
would improve the beneficial effect of organic manure or Biotechnology Department, AdekunleAjasin University,
bio fertilizers as well as micronutrient [10]. Such beneficial AkungbaAkoko, Ondo State, Nigeria (7 37’N latitude,
effects has been reported to positively reflect on organic 5 44’E Longitude and 100 m above the mean sea level).
matter content as well as the dry weight and the plant ion Soil amendment treatments commenced at two weeks after
(Fe, Mn, Zn and Cu) content at the vegetative and planting following the recommendation for optimal yield
elongation stages of maize growth [11]. They observed in Nigeria [14]. Treatments include T0 (no soil
that the consequences of grain yield depended on the amendment), T1 (100% inorganic NPK fertilizer), T2 (100%
relative contribution of crop nitrogen uptake and organic NPK fertilizer), T3 (100% organic soil conditioner),
mobilization of leaf nitrogen to grains. T4 (50% inorganic NPK + 50% organic soil conditioner)

Due  to  the  fact  that  maize  food  and  industrial and T5 (50% organic NPK + 50% organic soil conditioner).
uses  are  enormous,  its  demand  can  hardly be The experiment was arranged in a complete randomized
matched by production in Nigeria, hence the need to design (CRD) with 10 replicates per treatment. Treatments
improve its productivity above its present level [12]. were applied in liquid form by irrigation at the root zone
Besides, streak-resistant white is an improved Zea mays with 250 mL of the solution. Each plant received 250 mL of
variety meant to resist maize streak virus. Apart from the the solution once/ 2 weeks till 12 weeks after initiation of
general use of maize, streak-resistant white is used in pop treatments when it was terminated. The experiment was
corn production because of the explosive capacity of the carried out for 15 weeks (February to June 2015). Growth
cover when subjected to heat. The increasing demand for and yield parameters were measured at the end of the
feeds by ever increasing population of poultry farmers experiment.
has also put more pressure on its demand. This
experiment therefore  aimed  at  enhancing  the  potential Measurement of Growth Parameters: Plant height and
of  organic  and  inorganic  fertilizers  on  growth  and leaf area were measured with a steel meter rule and leaf
yield  improvement  in  streak-resistant white variety of area meter (model LI-COR 300), respectively. Stem girth
Zea mays L. was measured using digital Vernier caliper (model 0-200

MATERIALS AND METHODS index (LAI) was determined based on the formula: Leaf

Plant Materials: Seeds of Streak-resistant White variety (cm ). At maturity, soil was adequately soaked with water
of Zea mays were  purchased  from  the Input  Supply and plants were carefully uprooted to prevent root
Unit of Agricultural Development Programme (ADP) damage. All the main lateral roots were counted and their
Office, at Akure in Ondo State, Nigeria. length measured with a meter rule.

mm), while the leaves were counted manually. Leaf area

area index (LAI) = LAI = LA/plant cm  / pot surface area2

2
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Analysis of Leaf Total Chlorophyll Content: Leaves total 1.84 mg/100 g Mg, 0.34 mg/100 g Na, 0.23 mg/100 K, 0.20
chlorophyll was extracted with 80% acetone and mg/100 g H and 8.86 mg/100gCEC. The results of this
calculated with the formula: (20.2 × D645 + 8.02 × D663) × study showed that soil amendments enhanced growth
(50/1000) × (100/5) × ½, where D = absorbance [15]. and yield of streak-resistant white variety of Zea mays.

Determination of Biomass Accumulation:  At  15 weeks leaves, leaf area index, stem girth, root length and root
after planting (12 weeks after initiation of treatments), the number were increased in plants grown in amended soil
ears were harvested. The vegetative parts were over the control (Table 1). Generally, the growth
partitioned into leaves, stem and roots. Fresh and dry parameters in plants grown in soil treated with soil
mass of plant parts, as well as the total biomass were conditioner (T3) had higher values but did not differ
measured. Root/shoot ratio was calculated with the significantly (p > 0.05)from the control treatment. T1 and
formula: (root mass/shoot mass), while the relative growth T2 did not differ from each other in all the parameters,
rate (RGR) was calculated with: [ln mass2-ln mass1]/ time they had higher values than in the control, but were
(days), where mass1 = biomass at the initiation of significantly different for plant height and root number
treatments, mass2 = biomass at the end of the experiment, only. Plants grown in soil amended with organic and
while time number of days the treatments lasted. inorganic fertilizers in combination with soil conditioner

Measurement of Yield Parameters: The peeled ears per growth parameters measured, except for the number of
plant were counted, while their diameter and length were leaves/plant and stem girth. Interestingly, growth of
measured. Their weight was measured after oven-dried. plants in soil amended solely with fertilizers was further
Number of kernels/ear and total number of grains/plant increased by addition of soil conditioner. For example,
were determined. Grain yield/plant and 1000 grainsweight plant height was increased from 197.80 and 189.20 at T1
were also obtained. and T2 to 220.40 and 213.40 at T4 and T5, respectively.

Statistical Analysis: Data were subjected to single factor T1 and T2 to 75.00 and 79.20 at T4 and T5, respectively.
ANOVA and means were separated with Tukey Honest Similar trend was recorded in number of leaves/plant, stem
Significant Difference (HSD) test using SPSS version 17.0 girth, root length and root number. However, the
software (SPS Inc., Chicago, IL, USA) at  95%  level  of difference was significant (p < 0.05)for plant height, leaf
significance. area index and root length, while other growth parameters

RESULTS plant parts was improved upon by soil amendments with

The soil used for planting was a top soil with loamy with only soil conditioner (T3) produced higher values,
texture with physic-chemical parameters described but did not significantly(p > 0.05) differ from the control.
[16].The soil had 5.60 pH, 6.19% clay, 4.29% silt, 89.7% Sole application of organic and inorganic fertilizers gave
sand, 2.89% C, 0.14% N, 9.02 mg/100 g P, 6.24mg/100g Ca, significantly(p < 0.05) better dry matter of plant parts  than

Growth parameters including plant height, number of

significantly(p< 0.05) increased above the control in the

Similarly, leaf area index increased from 67.20 and 62.00 at

did not differ significantly (p > 0.05). The dry mass of

the highest values at T4 and T5 (Table 2). Soil amendment

Table 1: Growth parameters of streak-resistant variety of Zea mays planted in soil amended with organic and inorganic NPK fertilizers and organic soil
conditioner

Soil amendment treatment
---------------------------------------------------------------------------------------------------------------------------------------------------------------

Growth parameter T T T T T T0 1 2 3 4 5

Plant height (cm) 162.80 197.80 189.20 164.40 220.40 213.40c b b bc a a

Number of leaves/plant 7.80 10.40 9.20 9.40 12.80 14.60 a a a a ab ab

Leaf area index 4.96 6.88 6.71 6.01 8.51a 9.79c bc bc c a

Stem girth (cm) 1.68 1.78 1.79 1.59 1.70 1.73a a a a a a

Root length (cm) 16.4 22.20 19.46lea 18.60 27.20 26.80b bc b b a a

Root number 29.60 34.41 34.41 29.22 39.43 39.65b a a b a a

Each value is a mean of 10 replicates. For each parameter, means with the same letter(s) in superscript on the same row are not significantly different at P>0.05
(Tukey HSD test). T0 = no soil amendment, T1 = 100% inorganic NPK fertilizer, T2 = 100% organic NPK fertilizer, T3 = 100% organic soil conditioner,
T4 = 50% inorganic NPK + 50% organic soil conditioner, T5 = 50% organic NPK + 50% organic soil conditioner.
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Table 2: Dry mass of plant parts and total biomass of streak-resistant variety of Zea mays planted in soil amended with organic and inorganic NPK fertilizers
and organic soil conditioner

Soil amendment treatment
----------------------------------------------------------------------------------------------------------------------------------------------------------------------

Dry matter T T T T T T0 1 2 3 4 5

Leaves(g) 100.78 199.37 201.83 141.86 256.61 245.38c b b bc a a

Stem (g) 230.11 311.70 320.10 264.17 405.71 429.12c b b c a a

Root (g ) 33.2 54.66 58.7 47.54 64.34 67.38c b b bc a a

Total biomass (g) 364.09 565.73 580.63 453.57 726.66 741.88c b b bc a a

Each value is a mean of 10 replicates. For each parameter, means with the same letter(s) in superscript on the same row are not significantly different at P>0.05
(Tukey HSD test). T0 = no soil amendment, T1 = 100% inorganic NPK fertilizer, T2 = 100% organic NPK fertilizer, T3 = 100% organic soil conditioner,
T4 = 50% inorganic NPK + 50% organic soil conditioner, T5 = 50% organic NPK + 50% organic soil conditioner.

Table 3: Yield parameters of streak-resistant variety of Zea mays planted in soil amended with organic and inorganic NPK fertilizers and organic soil
conditioner

Soil amendment treatment
-------------------------------------------------------------------------------------------------------------------------------------------------------------

Yield parameter T T T T T T0 1 2 3 4 5

Number of ears/plant 1.00 1.20 1.20 1.00 1.20 1.40 a  ab  ab  a  ab ab

Mean ear length (cm) 9.56 11.15 11.06 10.04 11.00 11.98b a ab ab a a

Mean ear diameter (cm) 8.12 10.46 10.89 8.03 12.02 11.99b ab ab b a a

Mean ear dry weight (g) 113.37 152.07 148.00 126.22 192.88 186.45c b b c a a

Number of grains/ear 366.80 369.80 370.20 365.60 375.00 377.80 a  a  a  a  a a

Number of grains/plant 371 437.76 451.24 344.54 449.43 512.36c b b c a a

Grain dry weight/plant (g) 36.23 87.56 82.82 51.54 129.75 137.25c b b c a a

1000-grain weight (g) 135.76 179.56 187.51 148.37 181.89 197.30b a a b a a

Each value is a mean of 10 replicates. For each parameter, means with the same letter(s) in superscript on the same row are not significantly different at P>0.05
(Tukey HSD test). T0 = no soil amendment, T1 = 100% inorganic NPK fertilizer, T2 = 100% organic NPK fertilizer, T3 = 100% organic soil conditioner,
T4 = 50% inorganic NPK + 50% organic soil conditioner, T5 = 50% organic NPK + 50% organic soil conditioner.

Fig. 1: Relative growth rate (RGR) and root/shoot ratio of streak-resistant variety of Zea mays planted in soil amended
with organic and inorganic NPK fertilizers and organic soil conditioner. Each bar represents mean + standard error
of 5 replicates. For each parameter,  bars  with  the  same  letter(s)  are  not  significantly  different  at P>0.05
(Tukey HSD test). T0 = no soil amendment, T1 = 100% inorganic NPK fertilizer, T2 = 100% organic NPK fertilizer,
T3 = 100% organic soil conditioner, T4 = 50% inorganic NPK + 50% organic soil conditioner, T5 = 50% organic
NPK + 50% organic soil conditioner.
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Fig. 2: Leaves  total  chlorophyll  of  streak-resistant  variety  of  Zea  mays  planted  in  soil  amended   with  organic
and inorganic NPK fertilizers and organic soil conditioner. Each bar represents mean + standard error of 3
replicates. For each parameter, bars with the same letter(s) are not significantly different at P>0.05 (Tukey HSD
test). T0 = no soil amendment, T1 = 100% inorganic NPK fertilizer, T2 = 100% organic NPK fertilizer, T3 = 100%
organic soil conditioner, T4 = 50% inorganic NPK + 50% organic soil conditioner, T5 = 50% organic NPK + 50%
organic soil conditioner.

that of the control treatment. The values were however difference(p < 0.05) for ear dry weight, number of
remarkably improved by their application in combination grains/plant, grain dry weight and grain dry weight/plant
with soil conditioner (T4 and T5). For instance, there was only. Meanwhile, when T4 and T5 were compared to T0,
an improvement over T1 and T2 for leaf (28.71 and remarkable differences(p < 0.05) were obtained for the
21.58%), stem (30.16 and34.06%) and root (17.71 and yield components with the exception of number of
14.79%) at T4 and T5, respectively. Similarly, there was no ears/plant and number of grains/ear. 
significant difference in total biomass between T0 and T3
while T2 and T3 gave significantly (p < 0.05) higher values DISCUSSION
than T0. However, total biomass was also further
significantly increased from 565.73 and 580.63 at T1 and The observed significant performance in growth and
T2 to 726.66 and 741.88 at T4 and T5, respectively. The yield parameters with the application of fertilizers could be
relative growth rate likewise increased significantly (p < attributed to the essential nutrient elements contained in
0.05) at T4 and T5 compared to T1 and T2 (Fig. 1). them that are associated with increasing photosynthetic
Meanwhile, RGR at T0 and T3 did not differ from each efficiency. The greater number of leaves, plant height,
other but were significantly lower at T1 and T2. Root/ stem diameter and leaf area index (LAI) in amended soil
shoot ratio was not significantly (p > 0.05) affected by T1, corroborates previous findings on maize [17], eggplant
T2 and T3 but, decreased significantly(p < 0.05) in plants [18-19], carrot [20], millet [21] and groundnut [16].
grown under mixture of soil conditioner and fertilizer Significant increases in LAI and dry matter accumulation
application (Fig. 1). Leaves total chlorophyll was in maize planted with organic and inorganic fertilizers
significantly(p < 0.05) higher in plants exposed to soil could be due to the ability of the fertilizers to supply the
amendments compared to the un-amended soil (Fig. 2). nutrient elements necessary to promote more vigorous

Grain yield per plant was also enhanced by soil growth, improve meristematic and physiological activities
amendments (Table 3). Generally, yield parameters of in the plants [17]. They observed that LAI and grain yield
plants treated with soil conditioner did not differ positively correlated which confirmed the basis for which
significantly (p > 0.05)from those grown without the highest values of LAI were also reached at the peak
amendment. In addition, yield parameters recorded at T1 point also for grain yield (T4 and T5). Leaf is the site of
and T2 differed from that of T0, but for number of photosynthetic activities, thus, increases in number and
ears/plant, ear diameter and number of grains /ear. Yields surface area available for photosynthesis must have been
at T1 and T2 were similar but were improved by T4 and responsible for improved yield. In addition, increase in
T5, which in turn did not differ from each other. The yield leaves total chlorophyll might be as a result of additional
parameters at T4 and T5 were higher in values than at T1 supply of nutrients like magnesium and iron, which are
and T2. However, one-way ANOVA showed a significant important in chlorophyll formation.
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Generally, all the parameters correlated with each CONCLUSION
other, suggesting that, in the case of limited field
resources, the performance evaluation of one or more of
the parameters may provide a reasonable index for the
prediction of the probable performance of the other
closely associated parameters. Leaf stem and root mass as
well as total biomass and yield components also increased
with application of soil amendments, which resulted in an
overall increase in grain yield per hectare. Similarly, high
dry matter partitioning towards increased grain yield and
higher harvest index in maize [22]. Sole application of soil
conditioner though produced better growth and yield
than the control, the performance was not satisfactory
considering the fact that it had no significant additional
advantage on boosting maize growth and grain yield. The
increase in growth and yield under soil conditioner was
probably because it contained some amount of nutrients
which are essentials for growth. Also, the soil conditioner
must have improved the soil properties, thereby resulting
in more nutrient uptake for the synthesis of increased
photo assimilates that enhanced maize yielding ability.
This is in line with the results that soil conditioners
(hydrogel and bovine manure) induced higher
concentrations of N, P and K uptake by green pepper
(Capsicum annuum) [7].

Improved yield of maize has earlier been reported
when soil was amended with soil conditioner and
crystallizer [8]. In this study, the most satisfactory yield
was obtained when organic and inorganic fertilizers were
used in combination with soil conditioner. Sole
application of fertilizers produced better yield than those
grown without fertilizer. Soil conditioners have been
reported to enhance soil properties, including its
structure, nutritional content, water retention capacities
and can also have a positive effect on stabilization of soil
aggregates, infiltration and workability of soil [6-8]. Some
of the organic substances released during the
mineralization of soil conditioner may act as chelates that
help in the absorption of essential ions and other micro-
nutrients [7]. As a result of improved soil conditions. The
organic materials present in soil conditioner could have
formed complex, preventing the precipitation of
phosphate, reduced the P-sorption capacity of the soil,
enhanced P availability, improved P-recovery, added
carbon into the soil, provided substrate for microbial
growth and subsequent microbial activity or resulted in
better utilization by plants [7]. The turnover resulting from
the decomposition of organic materials must have
improved C and N mineralization rates and enzyme
activities, which positively affected nutrient cycling and
availability to the plants [8]. 

This study has revealed that application of inorganic
and organic fertilizers improved the growth and yield of
streak-resistant variety of Zea mays. Application of only
soil conditioner did not have a significant additional
advantage on boosting maize growth and grain yield that
can be commensurate with the cost of purchase and may
not provide a return on the investment. However, this
study showed that grain yield of the test crop increased
when soil conditioner was mixed with inorganic and
organic fertilizers over what was obtainable under their
sole applications. Therefore, the use of soil conditioner
with fertilizer is a demonstration of improved practices
over the conventioneer method of sole application of
fertilizer, a technique from which farmers and farm
managers can benefit from.
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