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Response of Com (Zea Mays)

Response of Corn (Zea Mays) to
Conventional and Controlled-Release
Fertilizers Applications
Alagie Bah, Ahmad Husni Mohd Hanif, Christopher Teh Boon Sung and
Mohd Rafii Yusop

INTRODUCTION
Fertilizer is a crucial input material for improving crop productivity and
plays an important role in food security (Xiang et al., 2008). Virtually, all
agricultural production depends on the regular application of some type of
fertilizer to maintain crop productivity (Sorte, 2011). Generally, nutrients
in crop fields are lost through various pathways, which ultimately result in
poor crop performance, and increase risk of environmental contamination
(Cassman et al., 2002). The quest to optimize efficiency of fertilizer use
requires ensuring that nutrient supply matches with crop requirements
for the ultimate goal of minimizing nutrient loss from fields. Essentially,
fertilizer use efficiency is central to the current concept of fertilizer best
management practices (FBMPs ), which embraces the right source, right
place, right timing and right application methods (Ryan et al., 2012).
Therefore, proper adoption of fertilizer management strategies in cropping
systems is fundamental in attaining optimum production potential, input
efficiency and environmental protection (Roberts, 2007).
Over the past four decades, despite the remarkable advancement
in crop production, notably due to improvement in plant breeding, pest
and disease control, water and fertilizer management, etc.), nutrient
use efficiency (NUE) remained low, especially for nitrogen (N). This
raises serious concerns on environmental, health, energy and resource
conservation aspects, especially in the light of much greater chemical
fertilizer use (Shaviv, 2000).
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According to Yalavan and Kumaresan (2006), straight and water
soluble fertilizers, used for improving the crop yield and quality,
produce some negative (or) side effects besides, leaching losses. This
may consequently hinder the supply of nutrients required by crops at
critical phases of growth. Urea for example has very low utilization
efficiency resulting in about 50% loss to the environment (Rahman et
al., 2009). Judicious management of tropical soils involving efficient
fertilizer management approaches can lead to high crop productivity
and sustainable use. Several methods of improving crops nutrient use
efficiency have been proposed (Aziz and El-Asry, 2009; Prasad, 2009).
One method of reducing nutrient losses involves the use of controlledrelease fertilizers (CRFs) (Jarosiewicz and Tomaszewska, 2003). CRFs
seem promising for widespread use in agriculture because they can be
designed to release nutrients in a more controlled manner by manipulating
properties of polymer coating (Blaylock et al., 2005). As compared to
conventional fertilizer, the gradual release of nutrients from CRFs may
better match with plant needs, minimize leaching and improve fertilizer
use efficiency. According to International Fertilizer Industry Association
(2000), controlled release nitrogen fertilizers have agronomic advantages,
especially in tropical regions, and in regions with light-textured soils and
under heavy rainfall or irrigation, where N losses are particularly large.
In this chapter, we highlight the response of sweet corn to applications
of briquette and granular type controlled-release KAMILA CRF™ and
mixture (straight) fertilizers.

EFFECTS OF CRF AND STRAIGHT FERTILIZER (MIXTURE)
DOSAGE ON CORN
Field investigations on the effects of conventional and CRFs on tillage
and no-till sweet com production (Figure 5.1) was conducted at Universiti
Putra Malaysia experimental field (02°N 59.035' , 101 °E 38.913 '). During
the first and third growing seasons, the experimental field was cleared,
ploughed and harrowed (conventional tillage), while during the second
season, no-till was practiced by placing the com residues on the surface
between the planting rows prior to sowing.
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Figure 5.1 Experimental plots for three planting seasons
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CRFs (Granular and Briquette forms) and a conventional fertilizer
(mixture of different types of straight fertilizers) were applied to an
established com plots in five different treatments laid out in randomized
complete block design with six replications (Table 5.1 ). Each of the
treatments (except control) contained standardized rates of nitrogen,
phosphorous and potassium (N = 120 kg/ha, P 2O5 = 60 kg/ha and K2O =
240 kg/ha). The treatments were applied in one dosage.
Table 5.1 Fertilizer treatments, application techniques and description of
experimental plots
Fertilizer treatments

Application techniques

Control
Mixture Fertilizer (Straight)
CRF Briquette (CRF-BS)
CRF Briquette (CRF-BI)
CRF Granular (CRF-GS)

No Fertilizer
Surface applied
Surface applied
Incorporated
Surface applied

72
~

Mg
0

0.09

F

Clay

Silt
%-

26

4

CORN GROWTH AND

Total rainfall during tht
495 mm, 602 mm and 4
first experimental seas<
beginning (August) an
Also, in 2012 during t
a high rainfall up to tr
terms of grain yield fc
A very large precipita
season compared to th1
Soil bulk density i
g cm-3 (no-tilled pract
changes to the soil-pl
proliferation. Plant bic
for both tilled and no-

Response of Com (lea Mays) to Conventional and Controlled-Release Fertilizers Applications

SOIL PROPERTIES
The result of the nutrient status of the experimental site prior to
commencement of the experiment showed that the soil was sufficient
in major nutrients such as total N (0.26%), available P (22.3 mg kg- 1),
exchangeable K (0.12 cmol/kg). The soil is sandy clay loam in texture
classified as Typic Paleudult with pH of 4. 76 (Table 5.2).
Table 5.2 Physical and chemical properties of experimental soil
Chemical properties (0-20cm)
pH

Ca

Al

K

Mg

CEC

cmolc kg· 1
4.76

0.34

0.09

0.12

1.90

12.90

Avail. P

Total C Total N

- mgkg 1-

%

22.3

2.68

0.26

Physical properties (0-20cm)
Clay

Silt

Sand

Texture (USDA)

- - - - - - - % - - -- -- 26

4

70

Sandy clay loam

CORN GROWTH AND YIELD
Total rainfall during the com cycle for first, second and third seasons were
495 mm, 602 mm and 405 mm, respectively (Figures 5.2- 5.4). During the
first experimental season in the year 2011, precipitation was higher at the
beginning (August) and dropped towards the end of corn growth cycle.
Also, in 2012 during the second season, the first two months witnessed
a high rainfall up to the silking stage, which may be significant both in
terms of grain yield formation and the response to fertilizer treatments.
A very large precipitation (>600 mm) was recorded during the second
season compared to the other seasons.
Soil bulk density increased from 1.29g cm-3 (tillage practice) to 1.35
g cm-3 (no-tilled practice). This slight change may lead to phenomenal
changes to the soil-plant environment, particularly with respect to root
proliferation. Plant biomass differed significantly among some treatments
for both tilled and no-till practices.
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Figure 5.4 Monthly average precipitation for third season experiment in 2012

Fertilized plot

Figure 5.5 Plant biomass growth as affected by fertilization and
residual effects

Application of granular CRF for the tilled practice appeared to
increase plant dry weight by 33% and 64%, respectively in contrast with
the dosage of mixture fertilizers and control treatments. This may suggest
that nutrients released from the conventional fertilizers (mixture) may
75
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be easily leached or lost through runoff, since the fertilizer is released
faster. Previous observation by Warren et al. (2001) revealed that a faster
nutrient release rate if not subsequently absorbed by the plant could result
in higher losses in the effluent. There was remarkably higher plant biomass
yield in fertilized plots in contrast to the residual plots (Figure 5.5).
Fresh cob yield varied among the three planting seasons (Table 5.3).
From the first planting season under tillage practice, surface application
of granular CRF (CRF-GS) produced significantly higher fresh cob yield
as opposed to that of incorporated briquette CRF (CRF-BI), mixture and
control treatments. Similar result were obtained in the second planting
season under no-tillage practice where CRF-GS surpassed CRF-Bl,
mixture and control treatments for fertilized plots and mixture and control
treatments for the residual plots. However, results from third planting
season experiment revealed that fresh cob yield in CRF-BI treatments was
significantly superior to that of CRF-GS, mixture and control treatments
for the residual plots, and mixture and control for the fertilized plot. The
lower com yield from second planting season (no-tillage practice) as
opposed to first and third planting seasons under tillage practices could be
mainly due to climatic conditions and changes in soil physical properties,
which were more favorable in the latter than the former. The total amount
of precipitation recorded for no-tillage practice was much higher than
conventional tillage practices (Figures 5.2- 5.4).
Com cob grain yield ranged from 1.16 to 2.65 kg m2, 0.75 to
1.88 kg m-2 and 1.01 and 2.29 kg m- 2 for first, second and third planting
seasons under different fertilizer treatments (Table 5.3). For the tilled
practice (season 1), application of granular CRF culminated in 30%
increase in fresh cob yield as opposed to mixture fertilizer, while the
decrease in plant cob yield for non-treated plots (Control) compared to
granular CRF treated plots was about 130% (Tables 5.4 and 5.5).
The higher kernel number in both surface-applied and incorporated
CRFs as opposed to mixture and control treatments (Figure 5.6) are
indicative of possible balanced nutrition from the CRF dosages by the
plant. For the residual effects of the fertilizers, all treatments exhibited
lower kernel number and size due to insufficient plant nutrition
(Figure 5.7).
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Control
Mixture (Straight)
CRF- Briquette Surface
CRF-Briquette Incorporated
CRF -Granular Surface

Fertilizer treatments

1.16b
2.04c
2.32ab
2.40b
2.65a

Fertilized plots

1st Season

0.71c
0.92b
l.12ab
1.13ab
1.22a

Residual plots

0.75c
1.44b
1.75a
1.50b
1.88a

Fertilized plots

2nd Season

l.0lc
1.36b
l.5lab
1.80a
1.37b

l.0lc
1.81b
2.03ab
2.29a
2.llab

Fertilized plots

3rd Season
Residual plots

Fresh cob weight (kg m· 2)

Table 5.3 Comparison of cob yield for first, second and third season of the com experiment
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EFFICIENCY OF CRF 01
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Figure 5.6 Grain number of cobs as affected by different fertilizer treatments

Control

Mixture

CRF-BS

CRF-BI

CRF-OS

Figure 5. 7 Grain number of cobs as affected by different fertilizer
residual effects
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EFFICIENCY OF CRF OVER STRAIGHT FERTILIZERS/MIXTURE
Comparatively, for the no-till system, CRF-GS dosage resulted in 150%
and 30% higher cob yield as compared to control and mixture treatments,
respectively (Table 5.4). The results of cob yield of fertilizer residual
effects (unfertilized plots) in the no-till practice ranged from 0.92 kg m-2
to 1.22 kg m-2 • For the no-till practice, the unfertilized (fertilizer residual
effect) plots showed about 30% lower yield in contrast to fertilized plots.
Tilled practice exhibited higher cob yield for all the treatments in contrast
to the no-till practice. It is suggested that even though no-till farming may
reduce yield, with a small risk of economic loss, a greater improvement
of the soil physical, chemical and microbial environment may be realized
in the long run.
Additionally, in the no-till practice, the unfertilized (fertilizer residual
effect) plots showed about 70% reduction in yield in contrast to plots
fertilized with CRF-GS (Table 5.4). At harvest, application of CRF-BI
for the tilled practice (season 3) appeared to increase plant dry weight in
contrast with the dosage of mixture fertilizers and control treatments by
30% and 130%, respectively (Table 5.5).
Surface application of granular CRF improved corn yield and its
components compared to surface application of briquette controlled
release type (Table 5.6). Additionally, the surface application of granular
fertilizer also contributes to the improvement of corn yield compared with
standard mixture fertilizer. The results implied that surface application of
granular fertilizer might be effective towards the attainment of sustained
corn production.
A comparison of corn yield from surface application of granular
CRF with that of incorporated CRF briquette showed that the former
was advantageous than the latter during the first two planting seasons;
however, the effect of incorporated CRF briquette started to manifest
positively in terms of yield, during the third experiment, especially for the
residual plots (Table 5.6).
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CONCLUSION
The response of com to fertilizer dosage with CRFs KAMILA CRfTM
and mixture fertilizers varied greatly. On the basis of the experimental
results, surface application of granular type CRF during first and second
experimental seasons improved com yield and its components compared
to incorporation of briquette type CRF. Also, surface application of
granular CRF surpassed the yields of control treatments by 130% in
season 1 (tillage practice) and 150% in season 2 (no-tillage practice).
Additionally, the surface application of granular CRF contributes to over
30% improvement in com yield compared with standard mixture fertilizer
for both first two experimental seasons. Although granular CRF treatment
produced higher cob yields in the first and second experimental seasons,
it was surpassed by incorporated CRF in the third season. This is possibly
due to the cumulative residual effect of the incorporated CRF. It appears
that nutrient release pattern of granular is more rapid than briquette type
in the short term. Com being a short season crop may absorb nutrients
more efficiently from granulated CRF than that of the briquette type.
The use of granular fertilizer is thus a suitable alternative to corn
production. Since granular type of CRF was surface-placed as opposed
to incorporation of the briquette type (which requires more labor), it is
therefore recommended to adopt surface application of granular fertilizer
(CRF-GS) for the purpose of saving labor and cost. Testing the effects
of these fertilizer treatments on crops such as oil palm may be useful to
ascertain the findings of the present study.
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