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Abstract

Marketable yield of leaf amaranth obtained by uprooting and repeated cutting were not affected by
intercropping with malze but increased significantly with fertilizer application. The application of 400 kg
NPK+100 kg urea. ha™ gave the best yield of uprooted amaranth, especially under intercropping, while
400 kg NPK.ha™ was required for optimum yield by repeated cutting in sole and intercropping. Sole
amaranth gave S|gn|f|cantly higher seed yield. Application of 400 kg NPK and 400 kg NPK+100 kg
urea.ha” gave best yields in intercropping and sole cropping, respectively. Cropping system and
fertilizer did not significantly affect maize grain yield. Land equivalent ratio (LER) values exceed 1.0
indicating maize-amaranth intercropping advantages over sole crops. Fertlllzer application increased
LER and confirms the recommendation of 400 kg NPK+100 kg urea.ha” for amaranth marketable yield

and 400 kg NPK.ha™ for seed yield.
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INTRODUCTION

Substantial emphasis has been placed on accelerated
maize production in the food and nutrition security
equation of Nigeria, to provide energy-rich human food,
livestock feedstuffs and raw materials for industries
(Fakorede, 2001). Unfortunately, maize-rich diets are
characterized by low amounts and quality of proteins,
especially the deficiency in amino acids lysine and
tryptophan (Vassal, 2001). Foodstuffs of animal origin are
the major sources of proteins and vitamins but the costs
of these have become too high and, in most cases,
beyond the reach of resources poor households who
have no physical and economic access to adequate
amounts to meet dietary requirements (Aphane et al.,
2003). Thus, the search continues for new high quality
and cheap sources of proteins, calories, vitamins and
minerals for inclusion in diets. Vegetables have been
identified as cheap sources of these nutrients needed for
balanced diets (Van den Heever, 1995) and so are vital
to alleviating the problems associated with malnutrition.
The harsh  ecological and resources-poor
conditions in the rural sector appear to have curtailed the
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widespread production and consumption of exotic
vegetables of known nutritive quality and values whereas
several indigenous and adapted species can be grown
under these conditions and with few agricultural inputs to
produce optimal yields. Amaranth (Amaranthus spp) fits
into the description of foodstuffs with cheap high quality
sources of dietary nutrients. The leaves contain 17.5-
38.3% protein on dry weight basis 5% of which is lysine,
an essential amino acid lacking in diets based on cereals
and root and tubers and so has potential as a protein
supplement (Kauffman and Weber, 1990). Amaranth
tastes much like spinach but has higher nutritive value as
it contains three times more calcium (Ca), niacin and
vitamin C than spinach (Mnkeni, 2005). Thus, its
production to encourage widespread consumption would
be emphasized to prevent nutrition-related illnesses in
man (Akingbola et al., 1994) and livestock (Pond and
Lehman, 2001; Sleugh et al., 2001).

Vegetable production in Nigeria is mainly from
intercropping systems with food crops in the traditional
smallholder outlying farms such that cereal-vegetable
mixtures are widespread in all agro-ecological zones
(Olukosi et al., 1991). Amaranth, locally called ‘efo tete’
or ‘tete’ (Yoruba), is the most consumed leaf vegetable in
south-western Nigeria (Denton and Olufolaji, 2000) and
commonly grown in combination with food crops, notably
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maize and so gives mixture yield advantages to the
farmers  (IAR&T, 1991). Thus, maize-amaranth
intercropping offers huge prospects for the output
expansion needed to meet the demand pressure being
generated by the growing awareness of these crops’
contributions to nutrition and health status of urban
dwellers. The variables whose manipulation would
increase mixture productivity should be identified for
resolution.

The possibility of attaining greater crop yields per unit
area in intercropping systems relates to the compatibility
of component crops which, in turn, must give
consideration to plant population and stand geometry,
soil fertility and nutrient management practices, among
others (Okigbo and Greenland, 1976). The factors of
plant population and spacing have been resolved by
adopting 75x25 cm spacing (53,330 plants.ha™)
recommended for sole maize and 4 kg.ha' amaranth
seed rate, drilled in rows 20 cm apart (Ayodele, 2013).
Thus, nutrient management factors need to be
considered given that the agricultural lands in Nigeria are
dominated by highly weathered and leached soils with
low nutrient fertility (Agboola and Aiyelari, 2000).
Moreover, nutrient deficiencies, notably of nitrogen (N)
and phosphorus (P) are widespread in maize (Anon,
2006) and limit yields of amaranth grown on smallholder
farms (Olufolaji and Okelana, 2001). Although amaranth
is a low management crop that grows on poor soils, yield
is improved by fertilizer application (Palada and Chang,
2003) and so should be routine, to make component
crops in maize-amaranth intercropping systems more
competitive and enhance their productivity. A study was
conducted to evaluate the responses of component crops
in maize-amaranth mixture to fertilizer application and so
determine the appropriate rates for optimum productivity.

MATERIALS AND METHODS

The studies were carried out during the early rainy
seasons of 2010 and 2011 on the Teaching and
Research Farm, Ekiti State University, Ado-Ekiti (long.
5°14’E, lat. 7°42'N). The site is about 456 m elevation
and experiences a warm sub-humid tropical climate
(1367 mm annual rainfall received in 110 days, mean
temperature range of 25 to 32°C). The land is gently
undulating and had been previously cultivated to arable
crops (maize/cassava in 2008/2009 followed by cowpea
in late 2009).

The land was ploughed and harrowed, and surface
(0-15 cm) soil samples taken randomly and mixed
together for a composite sample. The soil sample was
air-dried and sieved (<2 mm) and analyzed for particle
size distribution, pH, organic carbon, total N, available P
and exchangeable bases using the laboratory procedures
described in [ITA (1979).

The experimental area was marked into plots mea-

suring 6x1.5 m separated by 1 m wide paths. The
treatments evaluated consisted of three cropping
systems: sole maize, sole amaranth and maize-
amaranth; and three fertilizer rates: no fertilizer (control),
400 kg NPK 15-15-15ha”’ and 400 kg NPK 15-15-
15+100 kg urea.ha' as 3x3 factorial in three replicates
and laid out in randomized complete block design. The
maize was sown 25 cm apart in 75 cm rows to attain
53,330 plants population while 4 kg.ha™' amaranth seed
was drilled in 20 cm rows. The maize was established in
2 rows, each containing 24 plants; the amaranth plot
consisted of 7 drill rows while maize-amaranth had 7
amaranth rows to 2 rows of maize arranged in such a
way that there were 3 rows between maize rows and 2 on
the outside. The amaranth seeds were mixed with dry
fine sand and drilled in rows on the same day as the
maize and slightly covered with soil. Maize was sown at 2
seeds.hill’ and plants thinned to one after emergence.
Fertilizer was banded on one side of the amaranth rows
and on two sides of each maize plant at 2 weeks after
sowing (WAS). The plots were kept weed-free by manual
weeding as necessary.

Each plot was divided into three equal parts for
harvesting of the leaf amaranth to obtain marketable yield
by uprooting and repeated cutting, and seed yield.
Seedlings that had attained at least 15 cm in height were
uprooted at four weeks after emergence and at weekly
intervals for a total of four harvests. The plants were
rinsed in water to remove soil from the roots and
weighed. Stem portions above the second leaf from the
ground surface (up to 15 cm) with leaves of marketable
size were cut and weighed. This was repeated at
fortnightly intervals and discontinued when the plants had
produced inflorescences (heads). Plants in the third
portion not harvested for leaf were allowed to produce
inflorescences. The inflorescences were cut when they
attained physiological maturity as from 12 WAS, sun-
dried and bulked for each plot. The seeds were obtained
by threshing and winnowing, and weighed. Dry maize
cobs were harvested, de-husked and sun-dried. The cobs
were shelled and grains further sun-dried before weighing.

The yield data were scaled up to 1 ha and analyzed
using the variance ratio and the treatment means
separated following the procedure described by Steel et
al. (1997). The index of biological efficiency is the Land
Equivalent Ratio (LER) calculated as:

Yoo + Yoo
Yaa + Yoo

where: Y, Ypa are the individual crop yields in
intercropping, and

Yaa, Yoo are the yields of individual sole crops (John
and Mini, 2003)

RESULTS AND DISCUSSION

The characteristics of the soils in the study area are



Table 1. Characteristics of the soils used for the study

Ayodele and Shittu 83

Property 2010 2011
Texture Sandy loam Loamy sand
pH (water) 4.03 5.86
Organic matter, % 2.12 2.24
Total N, % 0.06 0.11
Available P, mg.kg'1 4.31 6.5
Exchangeable cations (cmol.kg'l)

K 0.14 0.19
Ca 1.30 4.14
Mg 0.70 1.36
Na 0.09 0.11

Table 2. Effect of cropping system and fertilizer application on yield of amaranth harvested by uprooting

Fertilizer application.ha™

Control 400 kg NPK 15-15-15 400 kg NPK 15-15-15
a) 2010
Cropping system (No fertilizer) + 100 kg urea Mean
Yield (MT.ha™)
Sole amaranth 16.00k 16.40k 18.50j 16.40
Maize-amaranth 7.12| 19.22j 27.70i 16.40
Mean 11.56¢ 17.80b 23.05a NS
b) 2011
Sole amaranth 13.60h 18.28g 22.94f 18.27
Maize-amaranth 10.68h 21.42f 23.63f 18.58
Mean 12.14c 19.85b 23.29a NS

Means and values in each column and for the years followed by the same alphabets do not differ significantly (P=0.05) NS=

Not significant

shown in Table 1. In 2010, the soil was a strongly acid
sandy loam with 1.04% organic matter, 0.06% total N and
4.3 mg.kg" available P contents but a moderately acid
sandy loam with 2.24% organic matter, 0.11% total N and
6.5 mg.kg" available P in 2011. The soils belong to low
fertility class based on the critical levels at 0.15% total N,
8-10 mg.kg'1 available P determined with Bray’'s P-1
extractant established for soils in Nigeria (Anon, 2006).
The very low exchangeable cations and calculated total
exchangeable bases (2.23 and 7.50 cmol.kg™) are typical
of the extensively weathered and leached soils
developed on basement complex rocks and as modified
by extent of previous land use (Agboola and Aiyelari,
2000).

Table 2 shows the effects of cropping systems and
fertilizer application on amaranth marketable yield
harvested by uprooting. The main factor of cropping
system had no effect on the yield but fertilizer significantly
(P=0.05) affected yield which increased from 11.56
MT.ha™ in the control to 17.80 and 23.05 MT.ha' at 400

kg NPK.ha' and 400 kg NPK+100 kg urea.ha” in 2010
and from 12.14 MT.ha" to 19.85 and 23.29 MT.ha' at
400 kg NPK.ha"' and 400 kg NPK+100 kg urea.ha™ in
2011. The yield increases are 54 and 99.4%; 63.5 and
92% for 2010 and 2011, respectively. Palada and Chang
(2003) observed that the primary limiting nutrient in
amaranth growth and marketable yield is N which makes
the response to applied fertilizer a function of the N in it.
Also, Olaniyi et al. (2008) noted that the increase in yield
and quality of leaf amaranth species and cultivars with
fertilizer treatments was in relation to improvement in
plant height, number of leaves, leaf area and biomass
production and quality. In sole amaranth, 400 kg
NPK+100 kg urea.ha’ produced maximum yield which is
significantly higher than other treatments. The yield
values at 18.50 and 22.84 MT.ha"' in 2010 and 2011
respectively are comparable to 18.60-20.00 MT.ha™
range obtained as maximum yield of drilled amaranth
harvested by uprooting (Olufolaji and Tayo, 1989a). This
fertilizer rate would provide 100 kg N.ha™ which is the
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Table 3. Marketable yield of amaranth obtained by repeated cutting under different cropping systems and fertilizer

application regimes

Fertilizer application.ha™

Control 400 kg NPK 15-15-15 400 kg NPK 15-15-15

Cropping system (No fertilizer) + 100 kg urea Mean

a) 2010

Yield (MT.ha™)

Sole amaranth 12.33f 15.12ef 15.80de 14.42
Maize-amaranth 6.90g 15.80de 18.10d 13.60
Mean 9.62b 15.45a 16.93a NS

b) 2011
Sole amaranth 12.17r 16.79q 19.33p 16.10a
Maize-amaranth 9.62s 16.38q 18.43p 14.81b
Mean 10.90h 16.59¢g 18.08f

Means and values in each column followed by same letters do not differ significantly (P=0.05)

NS= Not significant

upper limit of optimum N requirement for amaranth to be
harvested by uprooting (Olufolaji and Denton, 2000).

Marketable yields of leaf amaranth harvested by
repeated cutting under sole and intercropping systems
are shown in Table 3. Cropping system did not affect leaf
amaranth marketable yield obtained by repeated cutting
in 2010 whereas sole amaranth gave significantly
(P=0.05) higher yield than in the intercrop in 2011. The
fertilizer effect was significant (P=0.05) in both years; the
control treatment produced the least yield while the
difference between the two fertilizer treatments was
significant only in 2011. In sole and intercroppinq
systems, application of 400 kg NPK+100 kg urea.ha
gave the highest yield which did not differ from 400 kg
NPK.ha" in 2010 but which differed significantly in 2011,
These fertilizer rates contain 60 and 100 kg N.ha'
respectively which are less than 120-150 kgN.ha™
recommended for amaranth to be harvested by repeated
cutting (Olufolaji and Tayo, 1989b) as it is expected to
take care of the nutrient needs of the larger-sized plants
over a longer duration.

Cropping system had no effect on amaranth yield
because the plants, being more aggressive and
established at high density, were not adversely affected
by the few maize plants which tended to grow taller.
Open-pollinated maize enters the reproductive phase
from 45-55 days after sowing and before which space,
light and soil moisture and nutrient resources are under-
utilized. Thavaprakaash and Velayudham (2008)
suggested that the inclusion of short-duration crops that
complete their life cycles or reach harvestable size within
50-55 days in intercropping systems would ensure
effective utilization of these production resources. Leaf
amaranth is harvested within 28-42 days after sowing
when the plants attain at least 15 cm height and still
succulent; and beyond which they lose quality, become

fibrous and produce inflorescences (Olufolaji and Denton,
2000). Uprooted amaranth gave higher yield (17.45,
18.38 MT.ha') than repeated cutting (14.01, 15.46
MT.ha") contrary to the results obtained by Olufolaji and
Tayo (1989b). The uprooted plants contained roots and
stem portions which became bigger with age and were
not separated from the leaves as marketable yield
whereas repeated cutting, to induce production of lateral
branches, reduced the sizes of harvested shoots whose
number decreased over time and in response to difficulty
in recovery from cutting.

Table 4 shows the influence of cropping system and
fertilizer application on the seed yield of leaf amaranth.
The main effects of cropping system was significant in
2010 with the higher seed yield in sole amaranth
indicating 22% vyield reduction by intercropping. This
would suggest that the longer period of the crops in the
field engendered competitive interaction with the bigger
maize plants whose larger leaves would shade the
shorter and smaller amaranth plants. This reduction in
yield of one or more components in the mixture is one of
the demerits of intercropping (Willey, 1990). The effect of
fertilizer was significant in both years (P=0.05) as
indicated by higher yields from 400 kg NPK and 400 kg
NPK +100 kg urea.ha™ than the control treatment but the
difference between the two fertilizer rates was not
significant. The highest seed yield was produced in sole
amaranth with 400kgNPK+100 kg urea.ha” but which did
not differ from 400 kg.ha' NPK in 2011 while 400 kg
NPK.ha" produced optimum seed yield in the intercrop.
Grain production is most limited by N such that there
were significant responses to N fertilizer in most
environments (Elbehri et al., 1993). Myers (1998) noted
that grain yield increased by 43% with N applied from
0-180 kg N.ha' while Apaza-Gutierrez et al. (2002)
and Schulte et al., (2005) obtained linear response of
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Table 4. Amaranth seed yield as influenced by cropping system and fertilizer application

Fertilizer application.ha™

Control 400 kg NPK 15-15-15 400 kg NPK 15-15-15
Cropping system (No fertilizer) + 100 kg urea Mean
Yield (MT.ha™)

a) 2010
Sole amaranth 1.90m 2.541 2.82k 2.42a
Maize-amaranth 1.12n 2.63Kkl 2.21m 1.98b
Mean 1.50y 2.59x 2.52x -

b) 2011
Sole amaranth 1.16k 2.14j 2.46j 1.92
Maize-amaranth 0.96k 2.21j 2.54j 1.90
Mean 1.06b 2.18a 2.50a NS

Means and values in each column followed by same letters do not differ significantly (P=0.05)

Table 5. Effect of cropping system and fertilizer application on maize dry grain yield in a maize-amaranth mixture

Fertilizer application.ha™

Control 400 kg NPK 15-15-15 400 kg NPK 15-15-15
Cropping system (No fertilizer) + 100 kg urea Mean
Yield (MT.ha™)

a) 2010
Sole amaranth 4,93 5.19 4,73 4,95
Maize-amaranth 4.44 4.63 5.16 4.74
Mean 4.67 491 4,95 NS

b) 2011
Sole amaranth 1.42g 4.30f 5.12e 3.61
Maize-amaranth 1.26g 3.97f 4.86ef 3.36
Mean 1.34c 4.14b 4,993 NS

NS= Not significant

Table 6. Land equivalent ratios of maize-amaranth intercropping systems as influenced by fertilizer
application

Land Equivalent Ratio (LER)

Fertilizer Leaf Amaranth Marketable Yields
Application.ha™ Uprooting Repeated Cutting Seed Yield
a) 2010
Control (no fertilizer) 1.35 1.46 1.40
400 kg NPK 15-15-15 2.07 1.94 1.93
400 kg NPK 15-15-15
+ 100 kg urea 2.59 2.24 1.88
b) 2011
Control (no fertilizer) 1.67 1.68 1.72
400 kg NPK 15-15-15 2.09 1.90 1.96
400 kg NPK 15-15-15
+ 100 kg urea 1.98 1.90 1.98

amaranth grain yield to chemical fertilizers. The 400kg 60 kg N.ha™' that produced the highest seed yield in grain
NPK.ha' rate which gave optimum seed yield contains amaranth (Asoegwu and Olufolaji, 1988). Smallholder
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farmers who practice intercropping and rarely use
fertilizer would have better yields by applylng 400 kg
NPK.ha" whereas 400 kgNPK+100 kg urea.ha” should
be applied to sole leaf amaranth grown for seed.

Table 5 shows the influence of cropping system and
fertilizer treatment on grain yield of the maize component.
Maize grain yield was not affected by cropping system,
fertilizer application and their interaction in 2010 while the
fertilizer effect was significant (P=0.05) in 2011. Makinde
et al. (2009) had observed that intercropping or time of
establishment of an amaranth intercrop by direct seeding
had no effect on maize growth and yield. Amaranth is a
fast-growing herb like most broad leaf weeds but which
yields harvestable product within 4-6 weeks after
planting. The recommendation of a weed-free period of
40-45 days after planting for optimum grain yield of maize
(Fakorede, 2001) means that harvesting of the leaf
amaranth would minimize competition between the
component crops. The 400 kg NPK+100 kg urea.ha
significantly mcreased maize grain yield over the control
and 400 kg NPK.ha' treatments in 2011. The slight
increase of fertilizer treatments over the control in sole
and intercropping in 2010 is contrary to the expected
response from the low total N content of the soil in the
study site. However, one notes that the soil is extremely
acidic (pH=4.03) which would affect the response of
maize to fertilizer, especially N (Brady and Weil, 2002).

In order to demonstrate the biological efficiency of
maize-amaranth intercropping, LER was calculated. The
LER values are higher than 1.00 indicating intercropping
advantages and so would be recommended for farmers’
adoption. Similar mixture advantages have been
observed for maize-amaranth (Ayodele, 2013) and
maize-grain amaranth (Manga et al., 2003; Olorunnisomo
and Ayodele, 2009). LER increased with fertilizer
appllcatlon being highest at 400 kg NPK+100 kg urea.ha’

' for marketable yield obtained b}/ uprooting and repeated
cutting and with 400 kg NPK. ha for amaranth seed yield
in 2010. The 400 kg NPK.ha" which gave best LER for
marketable yield obtained by uprooting and repeated
cutting in 2011 would be suggested for amaranth seed
productlon The N contents of the treatments are 100 and
60 kg.ha' respectively, which correspond to the
requirements for amaranth leaf production (Grubben,
2004) and seed yield (Asoegwu and Olufolaji, 1988). This
implies that the fertilizer rate to be recommended for
adoption would depend on the target economic produce.
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