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ABSTRACT

High and sustainable crop yields in the tropics have been reported to be only possible
with judicious combination of mineral fertilizers and organic amendments. Fertilizing
croppings to achieve this has usually been a difficult task to achieve. The growth and
yield of maize cultivated with a complementary application of organic and inorganic
fertilizers was assessed compared with sole organic and sole inorganic fertilizers
between April and July 2003 and 2004 at Ibadan, Nigeria, in the degraded tropical
rain forest zone. There was a no-fertilizer treatment as the control. The organic
fertilizer was an equal mixture of composted domestic waste and stale cow dung,
applied at 10 tonnes ha®. Urea and Single super phosphate were applied as the
inorganic fertilizer to supply 70 kg N and 13 kg P,Os ha'* respectively. The mixture of
organic and inorganic fertilizer treatment consisted of half the rates used for sole
organic and sole inorganic fertilizer treatments. 5 tonnes organic mixture was applied,
with 35 kg N and 6.5 kg P.Os. Maize plant height at 8 weeks after planting was
highest with inorganic fertilizer application while the leaf area was highest with
organic fertilizer application. Stover yield and cob yields were also highest with
inorganic fertilizer. Complementary application of organic and inorganic fertilizers
however had similar plant heights; stover yield as well as cob yields with inorganic
fertilizer. Nitrogen appeared chelated with organic fertilizer application. Plant ear —
leaf Nitrogen was highest (1.68%) with inorganic fertilizer while the control plots had
a Nitrogen content of 1.12% which was higher than 0.84% and 0.98% N from sole
organic and a complementary application of organic and inorganic fertilizers,
respectively. Plant P content was increased by 136% and 15% with organic and
inorganic fertilizers, respectively, but was reduced by 15% with complementary
application of organic and inorganic fertilizers. The K content was highest with
inorganic fertilizer (1.91%). Complementary application of organic and inorganic
fertilizers had a K content of 1.70% while the organic — fertilized leaves had 1.53%.
Stover nutrient uptake was highest for N and K with inorganic fertilizer while the P
was highest with organic fertilizer application. Cultivating maize with complementary
organic and inorganic fertilizers gives a comparable cob yield as inorganic fertilizer
and has nutrients higher than from sole organic fertilizer application.

Key words: Maize, Fertilizer type, Nutrient uptake

Pl bl ] by A Pricas Rohalmiy S s [iaram i sibsmas Tiee

=254 0S40 BE, Mamurbl. KEDSEA
dar wey g (i bt




I 1 ](l Volume 10 No. 3
M arch 2010
h]LIHE

INTRODUCTION

The ever - increasing population of many countries of the world has necessitated the
development of intensive agriculture technologies to sustain food yield. Soil fertility
maintenance is essential in achieving and maintaining high crop yields over a period
of time. Fertilizer application has usually been the major means of supplying plant
nutrients. Use of mineral fertilizers has proven to be more convenient than the use of
organic fertilizers that have traditionally been used since pre- industrial age. The
impact of increased use of mineral fertilizers has been high but the resulting soil
physical degradation, and increased soil acidity level and soil nutrient imbalance have
drawn the attention of researchers back to the use of manures that are aso known as
organic fertilizers.

Several organic materials have been reported as suitable soil amendments for
increasing crop production. The potential of cow dung, poultry droppings, refuse
compost and farmyard manure as suitable soil amendments in the tropics has been
reported [1, 2, 3, 4]. Application of organic materials as fertilizers provides growth-
regulating substances and improves the physical, chemical and microbial properties of
the soil [5, 6, 7,8]. Sole use of organic manures to sustain cropping has, however,
been reported inadequate, as they are required in rather large quantities to meet crops
nutrient requirements because of their relatively low nutrient content [9].

Several field research reports have indicated that high and sustainable crop yields are
only possible with integrated use of mineral fertilizers with organic manure [10, 11,
12, 13]. Complementary application of organic and inorganic fertilizers increases
nutrient synchrony and reduces losses by converting inorganic nitrogen into organic
forms[14]. It is also important not only for enhancing the efficiency of the fertilizers,
but aso in reducing environmental problems that may arise from their use [13].

This research was conducted to assess the performance of maize fertilized with
complementary organic and inorganic fertilizers.

MATERIALSAND METHODS

Experimental details

Field experiments were carried out between April 2003 and July 2004 at the Federal
College of Agriculture, Ibadan (lat.7° 22%2' N and long.3° 50%2' E), Nigeria, in an area
previously supporting rainforest. The area has a bimodal rainfall pattern with a long
rainy season between March and July, and a shorter rainy season from September to
early November, after a short dry spell in August. Tota rainfall between April and
September was about 1,073 mm in 2003 and 754 mm in 2004. Average monthly
temperature ranged from 23.5°C in August to a maximum of 26.2°C in April. Mean
monthly relative humidity ranged from 85% in April to 92% in August, 2004. The soil
site was a Plinthic Luvisol that had been under cultivation with cassava (Manihot
esculenta Crantz), melon (Citrullus vulgaris L.) and maize for three years prior to
establishment of the trial. The top 30 cm of the soil had a pH in H,O of 6.8. The site
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was cleared manually without burning and the residue mechanically plowed into the
soil and the soil disked. Prior to planting, six core samples were taken from the top 30
cm of the soil to have a composite sample that was air — dried and crushed to pass
through a 2-mm sieve, before laboratory determination of selected physical and
chemical properties. The results of the analysis are presented in Table 1. Particle size
distribution was determined by the hydrometer method [15]. Sodium
hexametaphosphate was used as the dispersing agent. Soil pH was determined in
distilled water at 1:1 soil to water ratio. Organic Carbon was determined by the
Walkley-Black method [16]. The Tota N was determined by the micro-Kjeldahl
method. Percentage Organic Matter was derived by multiplying % organic carbon by
1.72 [17]. Available P was determined by the Bray's P1 test, using 0.03 NH4F in
0.02N HCIl as extractant and measuring the extracted P colorimerically by the
molybdenum blue method [18]. Exchangeable bases were determined by extraction
with neutral normal NH,OAC at soil: solution ratio, 1:10. The soil used for the
experiment was slightly alkaline at pH 6.1. The organic matter content of the soil was
low at 2.9% (Table 1). The total N content and the available P and the exchangeable
K contents were also low. It had 0.17%N; 1.70 ppm P and 0.34 cmol kg K.

The manure used had a pH of 8.2. The organic matter content was 30.6% while the
total N, available P and exchangeable K contents were 1.78%, 0.46% and 0.17%,
respectively (Table 1). The N applied ranged from 69 to 178 kg ha* while the P
ranged from 13 to 46 kg ha*and K applied was 17.0 and 8.5 kg ha* for the sole
organic and the complementary application of organic and inorganic fertilizer
treatments, respectively. No K was applied in the inorganic fertilizer treatment (Table
2).

Experimental Design

The experiment was laid out in a randomized complete block design with four
replicates. Maize was planted with three different fertilizer types. The treatments
were: Organic fertilizer; Inorganic fertilizer; A mixture of organic and inorganic
fertilizer and a No — Fertilizer control. Plot size was 4.5 x 4m with a metre margin
round each plot. The organic fertilizer was an equal mixture of composted domestic
waste and stale cow dung, applied a 10 tonnes ha’[19]. Urea and Single super
phosphate were applied as inorganic fertilizers to supply 70.kg N and 13 kg P,Os ha™,
respectively. The mixture of organic and inorganic fertilizer treatment consisted of
half the rates used for sole organic and sole inorganic fertilizer treatments. 5 tonnes
organic mixture was applied, with 35 kg N and 6.5 kg P,Os.

The organic fertilizer was uniformly spread on the plots and manually- worked into
the soil using a hand hoe, two weeks before planting. The inorganic fertilizer was
applied at planting. DMR-L SR white maize variety was used. The variety was Downy
mildew and Streak resistant but late — maturing. The maize was established at

2seeds / hole at 50 cm spacing on rows 75 cm apart (53,333 plants ha'). The plots
were weeded manually, at 3 and 6 weeks after planting (WAP).
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Data Collection

Data were taken from 3 plants per plot to assess the growth and the yield of the maize.
Plants not from the border rows with average, representative appearance were
selected. Plant heights were assessed with a meter rule from the ground level to the
topmost leaf at 8 WAP. Leaf area was determined for intact leaves by the length—
width method [20]:

Leaf Area=0.75 (Leaf length x Leaf width).

The leaf width was determined at the mid portion that had the maximum width.

The leaf subtending the cob was detached at cob-initiation to determine the plant
nutrient analysis and uptake. Stover yield was taken after harvesting by cutting the
maize stalk at the ground level and gathered together to obtain the total yield per plot.
Plant uptake was estimated as a product of leaf concentration of a nutrient and the
stover yield.

Data Analysis

The analysis of variance (ANOVA) was carried out to determine the differences in
parameters. Significantly-different mean values were compared using Duncan's
Multiple Range Tests (DMRT) at 5% significance level.

RESULTS

Plant Height: Average maize plant height at 8 WAP was highest with either sole
inorganic fertilizer or a complementary application of organic and inorganic
fertilizers. Plants from either of the fertilizers were 232 cm tall (Table 3). They were
significantly taller (P<0.05) than plants from sole organic fertilizer that were 226cm
tall. Maize plants from the unfertilized plots (225 cm) were only comparable with
plants fertilized with sole organic fertilizer.

Leaf area: Average plant leaf area was highest with organic fertilizer application. It
had average leaf area of 326 cm?. They were significantly higher (P<0.05) than leaves
from plants fertilized with complementary application of organic and inorganic
fertilizers that had an average area of 288 cn. Plant leaf areas from sole organic and
from complementary application of organic and inorganic fertilizers were similar (P <
0.05) with 282 cm? leaves observed with sole inorganic fertilizer application (Table
3).

Stover yield: Plant stover yield was highest with sole inorganic fertilizer application
(7.02t ha'). Complementary application of organic and inorganic fertilizers gave
comparable stover yield (P<0.05) of 6.95 t ha®. The comparable stover yields from
both complementary application of organic and inorganic fertilizers and from sole
inorganic fertilizer were significantly higher (P<0.05) than stover yields from sole
organic fertilizer (4.00t ha™) and from the un-fertilized plants (3.93t ha").
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Cob yield: This followed the same pattern as the stover yield. Respective yields of
2.27 and 2.26t ha' got from sole inorganic and from complementary application of
organic and inorganic fertilizers were significantly higher(P<0.05) than cob yields
from sole organic fertilizer (2.20 t ha'), which was even significantly higher (P<0.05)
than 2.08 t ha* obtained from the unfertilized control plots (Table 3).

Plant Nutrient Content: An analysis of the ear — leaf shows that the N contents of
leaves fertilized with either sole organic fertilizer (0.84%) or combined with inorganic
fertilizer (0.98%) were lower, relative to N of leaves from sole inorganic
fertilizer(1.68%). However, leaves from the control plots had 1.12% N (Fig.1).
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The high P content of the organic fertilizer is also reflected in the P content of the ear
leaves. Plants fertilized with sole organic fertilizer had the highest P content of 0.97%
while plants fertilized with inorganic fertilizer had 0.47%. A higher amount of
phosphorous was supplied with sole organic fertilizer application, relative to
complementary organic and inorganic fertilizer application. Consequently, the P
contents of the leaves were higher than from a combined application of organic and
inorganic fertilizer (Fig.1).

The K content of the manure was low. Consequently, the leaf K contents of crops
fertilized with sole organic fertilizer were lower, relative to complementary organic
and inorganic fertilizers and also to sole inorganic fertilizer application (Fig. 1).
Maize fertilized with sole inorganic fertilizer had the highest content of 1.91% K
while those from a complementary application of organic and inorganic fertilizers
were 1.70% K. Plant leaves from the sole organic fertilizer had a K content of 1.53%.
This is an indication that Potassium is contributed more from the inorganic fertilizer
than from the organic fertilizer. Plants from the control plots also had a K content of
1.11% which is an indication of additional contribution from the weathering of the
base rock complex (Fig.1).

Nutrient Uptake: Total plant uptake of N was highest with inorganic fertilizers (118
Kg ha'). This was followed by combined application of organic and inorganic
fertilizers (68 Kg ha™). Since the ear leaf N content from organic fertilization was
low, the total nutrient uptake was low. It was even lower than observed from the
control unfertilized plots.

Plant uptake of Phosphorus ranged from 16 Kg ha’ from the control plots to 39 Kg
ha from the organic fertilizer plots. Inorganic fertilized plants had an uptake of 33
Kg ha'while about 24 Kg ha'was the total stover uptake from the combined
application of organic and inorganic fertilizers (Fig.2).

Potassium uptake was highest (174 Kg ha') from sole inorganic fertilizer. It was
followed by 118 Kg ha'from a combined application of organic and inorganic
fertilizers (Fig.2). Despite the fact that K was not supplied in the inorganic fertilizer, it
still gave the highest stover uptake. The Ca and the Na uptake followed the same
pattern as K.

Generally, uptake of nutrients was better with sole application of inorganic fertilizer.
Sole use of organic fertilizer gave values similar with observed from the unfertilized
plants. It even reduced the N content. However, a combined use of organic and
inorganic fertilizers gave a higher N and K values. The low content of the P is an
indication that a higher dose than the 13 kg ha™ should be applied. Uptake of N can be
better by application of a dose higher than the 70 kg ha* used.
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Figure 2: Stover Nutrient Uptake (K g ha™') with Organic and Inorganic
Fertilizer Application
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DISCUSSION

The rather low values generally observed for the soil nutrient contents inferred that
the soil was not fertile. This consequently makes the soil appropriate for a study on
response to fertilizer. Inorganic fertilizers are known to have the peculiarity of fast
release of their nutrient contents. Nutrients supplied from the inorganic fertilizer
seemed to be released fast enough at 8WAP to give significantly taller plants. Even
nutrients supplied from the complementary application of organic and inorganic
fertilizers seemed enough to have plants not significantly shorter than plants treated
with sole inorganic fertilizer application. Organic fertilizers are known to have the
characteristic nature of slow release of nutrients. The observed shorter plants from the
organic - fertilized plants can be attributed to the slow release nature of the fertilizer,
as assessed at 8WAP. A similar observation has been made in other studies [21].
Maize plant heights with inorganic fertilizer and a complementary application of
inorganic and organic fertilizers were observed to be similar and were significantly
greater than those from organic fertilizer application. While the nutrients that would
have been released fast from both sole inorganic fertilizer and from complementary
application of organic and inorganic fertilizers seemed effective for the growth of
maize in height, the slowly — released nutrients from both sole organic fertilizer and
from complementary application of organic and inorganic fertilizers seemed effective
for the development of the leaves. Nutrients supplied in the complementary
application of organic and inorganic fertilizers gave higher (although not significant)
leaf areas than from sole inorganic fertilizer. However, sole organic fertilizer
application seemed to supply enough nutrients to effect the development of
significantly higher leaf areas than either the sole inorganic fertilizer application or
the reduced organic fertilizer complemented with inorganic fertilizer. In a study of the
residual influence of early season fertilization on cassava growth and yield, cassava
leaf area with organic fertilizer application has been earlier reported to be comparable
with either sole inorganic fertilizer application or a complementary application of
inorganic and organic fertilizers [22].

The observed comparable stover yields from both complementary application of
organic and inorganic fertilizers and from sole inorganic fertilizer is a further
indication that the nutrients supplied from the complementary application were
effective enough as those supplied with sole inorganic fertilizer.

An earlier study had reported maize grain yields from sole inorganic fertilizer and
from complementary application of inorganic and organic fertilizers to be comparable
and significantly higher than yields from sole organic fertilizer application [23]. It
was also observed that organic fertilizer application did not benefit the yield of maize
significantly. The observed significant lower yield from organic fertilizer application
supports the observation that organic fertilizers are better used for sustaining
continuous cropping for 2 — 3 years than inorganic fertilizers [24].

It appears some nitrogen chelation occurred with organic fertilizer application. Thisis
a characteristic nature of organic fertilizers. The applied N was, therefore, not made
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totally available to the crops and so, plants fertilized with organic fertilizer had even
lower values than observed from the unfertilized plots. It is known that inorganic
fertilizers release their nutrients rather fast for the plants to utilize. This accounts for
the observed high value of the N content of crops fertilized with inorganic fertilizer.
Nitrogen leaching and gaseous emissions have been reported lowest with reduced N
applications [25]. This accounts for the low N applied in the inorganic fertilizer
treatment having the highest N content. Despite the fact that K was not supplied in the
inorganic fertilizer, it still gave the highest stover uptake. This can be attributed to
contribution from the weathering of the base rock complex.

CONCLUSION

The study has shown that maize yields from sole organic fertilizer application are
significantly lower than yields from either sole inorganic fertilizer or a combined
application of organic and inorganic fertilizers. Yields from a combined application of
organic and inorganic fertilizers are not significantly lower than yields from sole
inorganic fertilizer application. Plant nutrient contents are also not significantly
different.

The comparable yields realized from sole inorganic fertilizer and a complementary
organic and inorganic fertilizer application infers that farmers can use less quantity of
inorganic fertilizers, complemented with organic manures to cultivate maize and still
realize comparable yields, as from sole inorganic fertilizer application.
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Table 1: Pre— Cropping Soil and Manure Chemical Analysis

Soil Sample Organic Manure
pH (H20) 6.1 82%
Organic Matter 29% 30.6 %
Organic Carbon 1.7% 17.8%
Total —N 0.2% 1.8%
Available—P 1.7 ppm 0.5%
Exchangeable — K 0.3 cmol kg™ 0.12 %
Exchangeable —Ca 37 0.7%
Exchangeable — Na 05 * 0.7 %
Exchangeable — Mg 05 * 0.01%
Exchangeable Acidity 01 *
ECEC 51 *
Sand 724 g kg™
Silt 131
Clay 145 *
Table 2: Estimated Quantities of NPK Applied
Nitrogen Phosphorus Potassium
Kgha'
Organic Fertilizer 178.0 46.0 17.0
Org +Inorg Fertilizers 123.5 29.5 8.50
Inorganic Fertilizer 69.0 13.0 00.0
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Table3: Maize Growth and Yield with Organic and Inorganic Fertilizer

Application
Plant Height at Plant Leaf Area Stover Yield Cob Yield
8WAP (cm) (cm?) at SWAP (t ha) (t ha)
No Fertilizer 223b* 272b 3.93b 2.08c
Organic Fertilizer 226b 326a 4.00b 2.20b
Org +Inorg Fertilizers 232a 288b 6.95a 2.26a
Inorganic Fertilizer 232a 282b 7.02a 2.27a

“values followed by same letter in a column are not significantly different: P < 0.05,
DMRT
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