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ABSTRACT

Field experiment was conducted at National Horticultural Research Institute (NIHORT), Mbato
Sub-station, Okigwe, Imo State, South-eastern Nigeria in the 2012 and 2013 cropping seasons to
establish the most appropriate time to introduce component crops in cocoyam/cowpea mixture.
Five different planting schemes (two and four weeks before, two and four weeks after and same
day) and two cowpea genotypes (climbing Akidienu and erect IT97K-499-35) were used. The
component crops were grown in monocultures to assess the productivity of the systems. The
experimental design used was a completely randomized design with three replicates. Growth
and yield of cocoyam and the cowpea genotypes increased significantly (P<0.05) when either
of the component crops was planted earlier than the other. Intercropping reduced significantly
(P<0.05) cocoyam yield by 0.7 — 74% in IT97K-499-35 and 22 — 80% in Akidienu. Sowing the
cowpea genotypes the same day or before cocoyam resulted in over-yielding of cowpea, whereas
sowing Akidienu and 1T97K-499-35 after cocoyam caused pod yield reductions of 64% — 73%
and 32% — 59% on average, respectively. Cocoyam planted two weeks before IT97K-499-35
produced more satisfactory yields of the intercrops than the other planting schedules with LER,
LEC and ATER of 2.15, 1.03 and 1.57, respectively.
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Introduction
In Nigeria, intercropping, the practice of
growing two or more crops together is a
popular cropping system among small-scale
farmers due to scarcity of land, resulting from
population explosion. It is a strategy adopted
for equitable and judicious utilization of land
resources and farming inputs, including labour
so as to get increased total productivity per unit
area (Marer et al., 2007). Intercropping helps
in the control of weeds, insects, and diseases.

It increases the length of production cycles,
improves seed quality and minimizes the use
of inorganic nitrogen fertilizers through the
use of legumes as components of intercrop
mixture (Dhima et al., 2007; Zhu et al., 2010).
The reduction in the use of inorganic nitrogen
fertilizer will in turn reduce water pollution
from runoff/leaching of nitrogen into water
bodies. Several studies on intercropping have
shown that intercrop may give higher and more
stable yield than when any of the components
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are grown as sole crop i.e. over-yielding,
termed mutual cooperation (Adeniyan et al.,
2004; Mohammadu et al., 2009; Iwuagwu et
al., 2017) due to complementarity effects of
the system. Thus, it provides food security,
which is considered more important than
food maximization in the developing world
(Brintha & Seran, 2009). A meta-analysis of
intercropping in African systems conducted
by Himmelstein et al. (2017) revealed that
intercropping increased crop yield by 23% on
average and gross income by 170 USD/ha. This
meta-analysis also indicated that intercropping
is an advantageous sustainable agricultural
practice.

Planting date among other factors
including plant architecture, plant geometry,
growth habit, density, spatial arrangement, and
soil fertility management, affects the efficiency
of resources (light, water and nutrients) used
in an intercrop mixture (Singh & Ajeigbe,
2003; Petu-Ibikumle et al., 2010), hence the
productivity of the system. Research findings
have suggested varied times to intercrop
legumes in mixtures to ensure maximum yield
of the component crops. Studies conducted
by Okpara (2000) on cowpea/maize mixture
showed that plant height, leaf area index, dry
matter and pod yields in vegetable cowpea, as
well as seed yield in maize, were significantly
decreased due to delay in the introduction of
either crop in the mixture, whereas best results
were obtained when maize and vegetable
cowpea were sown same day. Sarkodie-Addo
and Abdul-Rahaman (2012) reported optimum
yields when maize and soybean were sown
simultaneously. On the contrary, Osang et al.
(2014) suggested the sowing of maize two
weeks after planting soybean as this planting
schedule gave higher advantages (Land
equivalent ratio) than other planting schedules.
Therefore, determining the appropriate time
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to plant a component crop in any mixture
is important in maximizing the yield of both

Crops.

Cocoyam is one of the staples in the
south east and south south Nigeria (Azeez
& Madukwe, 2010). It is mostly cultivated
by small-scale and resource-poor farmers
(Onyeka, 2014) who do not bother about the
complementarities of their intercrop system
nor have specific dates to sow a component
crop in an intercrop system. Although, the most
common crop mixtures in these areas involve
yam, cassava, maize, plantain and cocoyam as
major food crops in all possible combinations
with each other; combinations involving
legumes have also been reported (Okpara,
2000; Undie et al., 2012; Ekwere et al., 2013;
Mbah, 2018). Legumes are indispensable in
many intercropping systems. They increase
nitrogen availability due to their ability to fix
atmospheric nitrogen; hence competition for
soil nitrogen from legumes is less than from
other crops in mixture. Also, the other crops
(which are non-legumes) benefit as they obtain
additional nitrogen from that released by the
legumes component into the soil (Li et al.,
2013) through nitrogen excretion and nodule
decomposition. According to Li et al. (2009),
about 15% of nitrogen in an intercropped cereal
is contributed by legumes.

There are no documented reports on
the best time to introduce cocoyam in cocoyam/
cowpea intercrop. Therefore, this research was
undertaken to ascertain the most suitable time
to introduce component crops in cocoyam/
cowpea intercropping.

Materials and Methods
Study location
The experiment was carried out at
the National Horticultural Research Institute
(NIHORT), Mbato Sub-Station, Okigwe, Imo
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State, Nigeria. NIHORT is located at latitude 5°
33" N and longitude 7° 23’ E and 139 m above
sea level. The area is characterized as a humid
rainforest zone and the soil is sandy loam. The
experimental site had bushy vegetation which
was ploughed and used for this experiment.

Collection of materials

The cocoyam (Colocasia esculenta
var NCe001) cormels used for this study were
bought from a local market in Nenwe, Augwu
LGA, Enugu State, Nigeria. Two varieties of
cowpea of different growth habits- climbing
Akidienu and erect IT97K-499-35 were used.
The climbing Akidienu was bought from a local
market in Umulolo, Okigwe, Nigeria while
the erect 1T97K-499-35 was obtained from
International Institute for Tropical Agriculture
(IITA), Ibadan.

Field preparation and soil sampling

In each year, the site was double-
ploughed and ridged with a tractor. The
experimental area was marked into three
blocks which represent the replicates and each
block was divided into thirteen experimental
plots. Each plot measured 4 m x 3 m (12 m?)
with a central yield area of 2 m x 2 m. Each plot
was properly labeled based on the treatment
assigned to it for proper data collection.

Soil samples were collected with a
soil auger to a depth of 20 cm from different
locations of the site and bulked into composite
sample. The composite soil sample was air-
dried, passed through a 2 mm sieve and then
analyzed for its Physico-chemical properties
in the soil laboratory unit of National Root
Crops Research Institute, Umudike, Abia State,
Nigeria. Nitrogen, potassium and organic
matter contents of the soil were low with
values between 0.04% and 0.05%, 0.074 cmol
kg! and 0.092 cmol kg, 0.97% and 1.35%,

respectively in the two years of cropping.
The soil was sandy loam and slightly acidic
having pH of 4.2 and 5.3 in 2012 and 2013,
respectively (Table 1).

Experimental design, treatment and treatment
allocation

The experiment was laid out in a
randomized complete block design with three
replicates. The treatments comprised five
different times of introducing cocoyam into the
mixture, which is as follows: cocoyam planted
four weeks before cowpea, two weeks before
cowpea, same day with cowpea, two weeks
after cowpea and four weeks after cowpea. The
sole crops were included as treatments so as to
assess the productivity of the intercrop system.
A total of thirteen treatments were used for the
study. The treatments were assigned randomly
to the plots.

Planting

The cocoyam and cowpea genotypes
were planted based on the planting schedules
stated above. The cocoyam cormels were
planted on ridges at a depth of 15 cm. One
cormel was planted per hole at a planting
distance of 1m x 1m. There were twelve plants
per plot resulting in a total of about 10,000
plants per hectare. The cowpea varieties were
sown three seeds per hole at a depth of 3cm
and a planting distance of 1 m x 0.25 m in
between the cocoyam corms. The resulting
seedlings were thinned down to one per hole
at two weeks after planting (WAP) resulting in
a total of 40,000 plants per hectare. The same
planting depths and distances were used for the
sole crops.

Maintenance of experimental plots
Filling of gaps was done at one MAP.
Weeding was done manually. The cowpea



Time of introducing component crop influences...

seedlings were protected from insect attack
by spraying with Deltamethrine 12.5 EC from
two WAP. Also, the blanket application of
NPK (15:15:15) fertilizer was applied to all the
cocoyam stands in all the experimental plots at
the rate of 120 kg ha'! at three WAP using band
placement method.

Data collection on the cocoyam

Growth and yield data collected for
the cocoyam include plant height, number of
leaves, leaf area index (LAI), number of corms
per plant, corm weight (g/corm) and corm
yield (t ha'). The leaf area index (LAI) was
determined by first determining the leaf area
using the formula of Biradar ez al. (1978 ) as:
Leaf Area=0.917 (LW).
Where L and W are the length and width of the
cocoyam leaf respectively.

Leaf area index was calculated by dividing the
total leaf area by the area occupied by the plant
(Biradar et al., 1978).

At physiological maturity, the cocoyam plants
from the net plots were harvested, the number
of corms/cormels were physically counted and
recorded. The corms/cormels were weighed
to obtain the corms weight and thereafter the
weights were converted to tons per hectare to
obtain the corms yield.

Data collection on the cowpea

Data collected for the cowpea were
the plant height, root and shoot dry weights,
number of pods per plant, pod weight, pod
yield, number of seeds per pod, 100 seed
weight and seed yield.

Five cowpea plants of each variety were
randomly selected from each plot. Height of the
selected cowpea plants were measured at one
MAP from the base of the stem at soil level to

13

the terminal bud of the main stem with the aid
of a measuring tape. The mean was calculated
and recorded accordingly.

The root and shoot dry weights of the
cowpea varieties were determined at one
MAP using the same plants used for the height
measurements. The plants were carefully
uprooted, washed and separated into roots and
shoots, cut into pieces, placed into properly
labeled envelopes and dried in an electric oven
at a temperature of 65°C until a constant weight
was achieved. The samples were allowed to cool
and thereafter weighed and their weights were
recorded. In the case of yield measurements,
ten plants were selected from the net plot
and tagged. Fresh green pods of the cowpea
varieties were harvested from these plants
weekly as the pods mature from two MAP. The
number of pods was counted and the average
recorded. At each harvest, the fresh green pods
were weighed with an electronic balance and
the mean weights recorded. The weight of pods
was converted to tons per hectare to obtain the
pod yield.

The number of seeds per pod was
determined by randomly selecting ten pods
from each plot. The selected pods were split
longitudinally into two and the seeds in each
pod counted and the average number of seeds
obtained was recorded. 100 seeds weight was
determined by shelling harvested dry pods
from each plot. The shelled seeds were sun-
dried and mixed properly after which 100
seeds were randomly selected from the seed
lot, weighed using an electronic balance and
the mean weights recorded.

Assessment of intercrop productivity
i. Land equivalent ratio (LER)

The LER was calculated from the
yield data using the formula of Trenbath (1974)
as shown in the equation below:
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LER = ab/a + ba/b

Where a = sole crop yield of cocoyam; ab =
intercrop yield of cocoyam; b = sole crop yield
of cowpea; ba = intercrop yield of cowpea

ii. Land equivalent coefficient (LEC)

This was calculated as the product of LERs
of the intercrop component as proposed by
Adetiloye and Ezedinma (1983). Thus:

LEC = ab/a x ba/b

iii. Area x time equivalent ratio (ATER)

This was calculated using the formula of
Hiebsch and McCollum (1987) as:

ATER = [(RYa x Da) + (RYb x Db)] /D
Where: RYa = cocoyam relative yield; Da =
cocoyam duration; RYb = cowpea relative
yield; Db = cowpea duration; D = duration of
the whole intercrop

Data analyses

Data collected were subjected to
analysis of variance using Genstat Discovery
Edition 3 Package of 2007 and significant
means were separated and compared using
Fisher’s Least Significant Difference (F-LSD)
at 5% probability level.

Results
Cocoyam crop growth characteristics, yield

and yield attributes

The effect of time of introducing
component crops in  cocoyam/cowpea
intercrop on plant height of cocoyam was only
significant (P<0.05) at five MAP in both years
(Table 2). Planting cocoyam two weeks before
and the same day with climbing Akidienu
genotype resulted in significantly (P<0.05)
taller plants than planting cocoyam four weeks
after Akidienu in both years. Similarly, in 2012,
planting cocoyam before, same day and two

weeks after the erect IT97K-499-35 produced
comparable plant heights, that was significantly
higher than that of four weeks after. However,
in 2013, cocoyam planted two weeks before
erect IT97K-499-35 genotype was significantly
taller than that of the sole crop and also than
that planted two or four weeks after the erect
1T97K-499-35.

Significant effects of time of introducing
cocoyam on the number of leaves were found
at three and five MAP in 2012 and all the
sampling dates in 2013 (Table 3). A significantly
higher number of leaves was recorded when
cocoyam was planted before than after any
of the cowpea genotypes in 2012. However,
in 2013, the number of leaves produced by
cocoyam when intercropped with climbing
Akidienu irrespective of the planting scheme
was statistically similar except at one MAP
where cocoyam planted four weeks before
the climbing Akidienu produced significantly
higher number of leaves than when it was
planted four weeks after. On the contrary,
cocoyam planted two or four weeks before
the erect IT97K-499-35 genotype produced
number of leaves that were significantly
higher than that of the later planted cocoyam.
Furthermore, in both years of cropping, the
number of leaves of cocoyam produced under
intercropping with climbing Akidienu was
generally lower compared to intercropping
with erect IT97K-499-35 and also to the sole
cocoyam.

The effect of time of introducing
cocoyam on the Leaf area index (LAI) of
cocoyam was significant at all sampling
months in 2012 and three and five MAP in
2013 (Table 4). In both years of cropping, LAI
of cocoyam was significantly (P<0.05) higher
when cocoyam was planted before than after
any of the cowpea genotypes except at one
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MAP in 2012 where cocoyam planted with
the erect no matter the time it was introduced
produced comparable LAI values. Also, at five
MAP, cocoyam planted two weeks before the
erect IT97K-499-35 produced significantly
the highest LAI. However, intercropping with
Akidienu significantly reduced LAI of cocoyam
in 2012 but significantly increased it when
intercropped with erect IT97K-499-35 in 2013.
Planting cocoyam before any of the cowpea
genotypes produced significantly higher
number of corms and corm yield than planting
after the cowpea genotypes in both years (Table
5). On average, corm yield produced when
cocoyam was planted two or four weeks before
the erect IT97K-499-35 was similar to that
of the sole cocoyam but significantly higher
than the yields obtained when the mixture was
planted the same day or when cocoyam was
planted after cowpea regardless of the growth
habit. Across the genotypes and years, corm
yields produced when cocoyam was planted
two and four weeks before cowpea were
similar (3.5 t ha!) but higher than the yields
obtained when cocoyam was planted the same
day, two and four weeks after cowpea by 52%,
230% and 210%, respectively.

Cowpea growth characteristics, yield and
yield attributes

The effect of time of introducing cow-
pea on cowpea plant height in cocoyam/cowpea
intercrop was significant in 2013 only (Table
6). Sowing climbing Akidienu two weeks be-
fore and two weeks after cocoyam gave compa-
rable plant height values that were significantly
higher than sowing four weeks after cocoyam.
Also, plant heights of climbing Akidienu sown
two weeks before and two weeks after co-
coyam were significantly higher than the plant
heights of the erect IT97K-499-35 cowpea at
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all the planting schedules including the sole
crop. Notwithstanding the planting schedules,
intercropping had no remarkable effect on the
plant height of the erect IT97K-499-35. Root
and shoot dry matter production of the cowpea
genotypes were not significantly affected by
time of introduction of cowpea in the mixture
in both years.

On average, sowing of the cowpea
genotypes after  cocoyam  produced
significantly lower number of pods per plant,
pod weight and pod yields compared to
other sowing times (Table 7). Across the two
cropping seasons, pod yields produced when
climbing Akidienu genotype was planted two
weeks before cocoyam was at par with those of
four weeks before and same day with cocoyam
but higher than the pod yields produced
when introduced two and four weeks after
cocoyam by 223.8% and 338.3%, respectively.
Similarly, pod yields obtained when the erect
IT97K-499-35 was sown two and four weeks
before cocoyam was comparable with that of
the same day planting but significantly higher
than those planted two weeks after cocoyam by
111.8% and 89.6%, respectively and also four
weeks after cocoyam by 226.6% and 216.2%,
respectively. Generally, pod yields were
significantly higher in erect IT97K-499-35 than
in climbing Akidienu intercrop in 2013. Erect
IT97K-499-35 sown two weeks before or the
same day with cocoyam produced significantly
higher pod yield than the cowpea sole crop on
the average.

A significantly higher number of seeds
were obtained when Akidienu was sown on
the same day as cocoyam compared to when
it was sown after cocoyam in 2012 (Table 8).
Contrary to this, a comparable number of seeds
were obtained in IT97K-499-35 irrespective
of the planting dates and the sole crop. With
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the exception of sowing 1T97K-499-35 two
weeks before cocoyam in 2013, sowing the
cowpea genotypes before and the same day
with cocoyam resulted in a significantly higher
number of seeds in relation to sowing them
at four weeks after cocoyam. The number of
seeds produced by Akidienu at all the planting
dates was significantly higher than those of the
erect IT97K-499-35 irrespective of the planting
time.

In both years, statistically, similar 100
seed weight values were obtained in Akidienu
regardless of the planting scheme; whereas
erect IT97K-499-35 sown four weeks before
cocoyam had a significantly higher 100 seed
weight value than when it was sown two
weeks before, in both years and same day
with cocoyam in 2013 (Table 8). Generally,
sowing Akidienu and 1T97K-499-35 before or
same day with cocoyam produced significantly
higher cowpea seed yields in 2012 and
2013, respectively than sowing cowpea after
cocoyam (Table 8). Moreover, seed yields of
the erect I1T97K-499-35 were significantly
higher than those of climbing Akidienu at all
planting schemes in 2013.

Total LER were on the average above
1.0 and greater when cocoyam was intercropped
with erect IT97K-499-35 than with climbing
Akidienu at all planting schedules (Table 9).
There were yield advantages of growing the
crops in the mixture as depicted by mean LERs
of 1.18 — 2.09 for cocoyam intercropped with
climbing Akidienu and 1.53 —2.15 for cocoyam
combined with erect IT97K-499-35. The partial
LER showed that there was over-yielding by
cowpea which contributed more to the total
yield when cocoyam was planted the same day
with or after the cowpea genotypes in both years
and two weeks before the erect IT97K-499-35
in 2012. On the whole, the highest LER (2.15)
was obtained when cocoyam was planted two

weeks before the erect 1T97K-499-35. LEC
values were generally higher in 2012 than in
2013 cropping season and were also higher
in mixtures involving cocoyam and the erect
IT97K-499-35 genotype compared to that of
the cocoyam and climbing Akidienu (Table
10). Mean LEC value ranged from 0.26 to
1.03 with the highest recorded when cocoyam
was planted two weeks before the erect
IT97K-499-35 genotype. Mean ATER were
greater than unity in all mixtures involving
cocoyam and the erect IT97K-499-35 genotype
(regardless of the planting date) and that
involving cocoyam planted the same day with
climbing Akidienu (Table 10). Like the LEC,
maximum ATER value was obtained when
cocoyam was planted two weeks before the
erect IT97K-499-35 genotype

Discussion

The results of the present investigation showed
that when either cocoyam or any of the cowpea
genotypes was planted at different times in the
mixture, the earlier planted crop suppressed
the growth and yield of the later planted crop.
The earlier planted component had an initial
competitive advantage over the later one as
reported by Okpara (2000) and Ekwere et
al. (2013). Eagles (1992) reported that early
root growth was a major factor determining
competitive ability with faster-growing species,
exploiting nutrients in successive horizons of
the soil much earlier than slow or later growing
species. The difference in the efficiency of the
root system may later lead to reduced growth
of the shoot of the slower growing component
and ultimately shading of leaves by those of the
aggressive component (Eagles, 1992).

On average, planting cocoyam two weeks
before the erect 1T97K-499-35 produced
similar corm yield with the sole cocoyam but
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higher yields than the other planting schedules,
except when cocoyam was planted four weeks
before the cowpea genotypes. According to
IITA (1989), when there is a weak competitor
in a mixture, it is advisable to enhance its
performance by sowing it early, relative to the
aggressor. Cocoyam has a fibrous root system,
it is shallow-rooted and shows a slow growth
rate, compared to cowpea. Hence it may be
a weak competitor when grown in a mixture
with cowpea. Corm yields were generally
lower when cocoyam was combined with the
climbing Akidienu cowpea in comparison with
the erect IT97K-499-35 cowpea due probably
to the entangling effect of the Akidienu
genotype, a climber, on the cocoyam. A similar
result of lower corm yield in mixture involving
cocoyam/climbing Akidienu was reported by
Iwuagwu et al. (2017). However, compared
to the erect IT97K-499-35, the entangling
effect of the climbing Akidienu hampered leaf
development as well as leaf production in
cocoyam hence the observed decrease in the
number of leaves produced and LAI of cocoyam
intercropped with climbing Akidienu. Since
LAI determines the capacity of the plant to trap
energy for photosynthesis (Detpiratmongkol
et al., 2014), the reduced LAI following poor
leaf development resulted in the reduction of
photosynthetic activity and poor bulking of the
cormels.

Across the years, corm yield
reductions following intercropping of cocoyam
with cowpea were 1% — 74% for the erect
IT97K-499-35 and 22 — 80% for the climbing
Akidienu. On the contrary, fresh pod yields
were similar when the erect 1T97K-499-35
was sown the same day as, two or four weeks
before cocoyam and there was over-yielding
at these planting schedules compared to
cowpea sole crops, regardless of growth habits.
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Intercropping systems greatly contribute to
crop productivity because of the effective
use of resources in comparison with the
monocropping system (Inal et al., 2007). This
is achievable when the component crops are
compatible. In all, cocoyam had a more adverse
effect on the climbing Akidienu and vice versa
at all planting schedules while pod yield
reductions in the erect [T97K-499-35 intercrop
occurred only when it was introduced after
cocoyam. These results indicate that cocoyam
and climbing Akidienu are not compatible
components in the mixture. According to Petu-
Ibikunle et al. (2010) compatibility of the crops
should be given attention when selecting crops
for intercropping.

The most common goal of
intercropping is to produce a greater yield on a
given piece of land by making use of resources
that would otherwise not be utilized by a
single crop (Ouma & Jeruto, 2010). According
to Mas-ud ef al. (2016), the land equivalent
ratio (LER) gives an accurate assessment of
the greater efficiency of the intercropping
situation. The total LERs for all the treatments
were above unity, indicating that intercropping
cocoyam with cowpea was beneficial. It also
indicates crop complementarities (Mas-ud et
al., 2016). Ekwere et al. (2013) also reported
LER greater than unity in all intercropping
situations (except when melon was sown four
or six weeks before or after maize). Similarly,
Olasantan and Babalola (2007) reported LER
greater than one in cassava/melon and maize/
melon intercrops irrespective of the sowing
date of melon. The highest LER productivity
estimates were obtained in mixtures involving
cocoyam planted two weeks before (Mean
LER =2.15, mean corm yield = 4.1 t/ha. Mean
pod yield = 6.3 t ha'!) and same day with erect
IT97K-499-35 (mean LER = 2.14, mean corm
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yield = 2.35 t ha'!, mean pod yield = 13.45 t
ha'). This shows greater complementarity
effect at this planting scheme resulting in
judicious utilization of land resources. Osang
et al. (2014) found that sowing maize two
weeks after planting soybean gave higher LER
values than other planting schedules. Although
planting cocoyam two weeks after the erect
IT97K-499-35 also gave high mean LER of
2.10 and mean pod yield of 13.28 t ha'!, corm
yield was poor at 1.07 t ha'.

LEC values were all greater than
0.25 irrespective of the crop combination and
planting date when averaged over the two
years of cropping. This also indicates yield
advantage (Adetiloye and Ezedinma, 1983;
Wortman et al., 2012). ATER values obtained
when cocoyam was planted two weeks before,
two and four weeks after Akidienu were less
than unity, an indication of yield disadvantage
while the rest of the combinations including
those involving cocoyam intercropped with
IT97K-499-35 regardless of the sowing date
were all greater than one. It is obvious from this
result that LER tends to over-estimate land use
advantage when long season growing crops are
involved as earlier reported by Fukai (1993).
However, LEC (1.03) and ATER (1.57) were
highest when cocoyam was planted two weeks
before the erect IT97K-499-35 genotype.
This confirms the earlier statement that this
genotype and the planting date showed greater
complementarity than the other planting
schemes and combinations.

Conclusion and Recommendation
From an overall consideration of the yield
values, it is concluded that planting cocoyam
two weeks before the erect 1T97k-499-35,
followed by simultaneous planting not only
produced complementarities and highest

average total LERs (2.15 and 2.14), ATERs
(1.57 and 1.27) and LECs (1.03 and 0.94) but
also produced more satisfactory yields of the
intercrops than the other planting schedules,
which greatly reduced the yields of either the
cocoyam or cowpea. Therefore, for satisfactory
yields of the component crops, planting
cocoyam two weeks before the erect cowpea
genotype, 1T97k-499-35 or simultaneous
planting of cocoyam and the erect cowpea is
recommended.
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TABLE 1
Some physicochemical properties of the experimental soil in 2012 and 2013 cropping seasons

Property 2012 2013
Physical Properties

Sand (%) 67.80 71.80

Clay (%) 14.40 11.40

Silt (%) 17.80 16.80
Textural class Sandy loam Sandy loam

Chemical Properties

pH (in H,0) 42 53

P (mg/kg) 43.50 47.80

N (%) 0.04 0.05

OM (%) 0.97 1.35

K (cmol/kg) 0.074 0.092
TABLE 2

Effect of time of introducing cocoyam on plant height (cm) of cocoyam
at different sampling dates in 2012 and 2013 cropping seasons

21

Months after planting
Time of introducing cocoyam 1 3 5 1 3 5
2012 2013

4 weeks before Akidienu 13.3 33.6 45.6 10.4 34.8 36.9
2 weeks before Akidienu 15.3 38.9 51.0 12.3 37.6 43.4
Same day as Akidienu 15.7 39.2 53.2 13.5 41.1 42.7
2 weeks after Akidienu 12.6 354 42.6 14.0 29.3 33.0
4 weeks after Akidienu 13.6 28.4 36.3 17.1 26.1 29.4
4 weeks before IT97K-499-35 13.4 349 47.1 12.0 38.1 44.6
2 weeks before IT97K-499-35 14.7 355 47.1 11.9 40.8 47.9
Same day as IT97K-499-35 14.4 37.4 51.0 11.7 37.6 43.5
2 weeks after IT97K-499-35 14.5 314 41.4 12.5 28.3 34.1
4 weeks after IT97K-499-35 12.4 27.7 334 14.5 30.8 32.8
Sole cocoyam 12.1 313 45.1 11.3 32.1 35.0
LSD 0.05 NS NS 10.3 NS NS 12.0

NS = not significant
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TABLE 3
Effect of time of introducing cocoyam on number of leaves per cocoyam

plant at different sampling dates in 2012 and 2013 cropping seasons

Months after planting
Time of introducing cocoyam 1 3 5 1 3 5
2012 2013
4 weeks before Akidienu 3.9 13.5 13.9 6.8 14.8 14.9
2 weeks before Akidienu 4.4 10.8 12.2 5.7 10.0 11.9
Same day as Akidienu 4.4 6.1 8.8 6.8 8.7 10.2
2 weeks after Akidienu 3.9 5.2 6.3 3.1 7.2 7.8
4 weeks after Akidienu 3.9 54 7.2 3.7 6.4 10.9
4 weeks before IT97K-499-35 3.9 17.3 19.5 8.4 19.2 23.6
2 weeks before IT97K-499-35 4.3 11.9 17.8 8.4 14.7 34.6
Same day as IT97K-499-35 4.1 8.4 114 9.3 12.5 16.6
2 weeks after IT97K-499-35 4.2 52 6.5 4.0 7.6 8.9
4 weeks after IT97K-499-35 3.9 53 6.9 3.9 6.8 7.8
Sole cocoyam 3.7 20.3 22.0 8.0 17.4 20.6
LSD 0.05 NS 39 5.0 32 9.1 8.9
NS = not significant
TABLE 4

Effect of time of introducing cocoyam on LAI of cocoyam at different
sampling dates in 2012 and 2013 cropping seasons

Months after planting
Time of introducing cocoyam 1 3 5 1 3 5

2012 2013
4 weeks before Akidienu 0.06 0.55 0.59 0.06 0.45 0.47
2 weeks before Akidienu 0.09 0.50 0.55 0.09 0.31 0.44
Same day as Akidienu 0.08 0.28 0.31 0.06 0.28 0.42
2 weeks after Akidienu 0.03 0.19 0.21 0.02 0.13 0.17
4 weeks after Akidienu 0.03 0.14 0.16 0.03 0.10 0.12
4 weeks before IT97K-499-35 0.06 0.76 0.85 0.06 0.53 0.71
2 weeks before IT97K-499-35 0.07 0.56 0.79 0.08 0.83 1.01
Same day as IT97K-499-35 0.07 0.38 0.46 0.09 0.36 0.54
2 weeks after IT97K-499-35 0.04 0.15 0.18 0.03 0.13 0.19
4 weeks after IT97K-499-35 0.03 0.10 0.13 0.06 0.11 0.16
Sole cocoyam 0.05 0.82 0.90 0.08 0.43 0.52
LSD 0.05 0.04 0.25 0.28 NS 0.23 0.38

NS = not significant
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TABLE 5
Effect of time of introducing cocoyam on yield and yield components

of cocoyam in 2012 and 2013 cropping seasons

NC per plant WC g/corm CY t ha'
Time of introducing coco 2012 2013 2012 2013 2012 2013 Mean
4 weeks before Akidienu 11.2 10.7 35.6 25.5 39 2.55 3.24
2 weeks before Akidienu 8.6 9.3 37.2 26.2 3.21 242 2.82
Same day as Akidienu 8.2 8.0 319 234 2.58 1.75 2.17
2 weeks after Akidienu 4.7 52 26.2 19.6 1.17 0.92 1.05
4 weeks after Akidienu 24 4.8 30.6 16.7 0.75 0.92 0.84
4 weeks before IT97K- 10.7 14.3 38.6 229 4.08 3.32 3.70
2 weeks before IT97K- 11.5 16.8 324 259 3.75 445 4.10
Same day as IT97K- 6.8 10.6 354 22.7 2.38 2.32 2.35
2 weeks after IT97K- 43 6.5 27.4 16.5 1.13 1.00 1.07
4 weeks after IT97K- 43 5.5 28.2 26.4 1.21 1.62 1.42
Sole cocoyam 14.0 16.6 30.7 243 4.42 3.83 4.13
LSD 0.05 3.7 4.7 NS NS 1.41 0.90 1.42

NS = not significant; coco = cocoyam; NC = number of corms; WC = weight of corms; CY = corm yield;
IT97K- =IT97K-499-35
TABLE 6
Effect of time of introducing cowpea on cowpea’s plant height (cm), root dry matter (g/plant)
and shoot dry matter (g/plant) at 1 MAP in 2012 and 2013 cropping seasons

Plant height Root dry matter Shoot dry matter

Time of introducing cowpea 2012 2013 2012 2013 2012 2013
Akidienu 4 WB cocoyam 233 345 0.42 0.64 2.32 3.85
Akidienu 2 WB cocoyam 25.7 47.6 0.38 0.55 3.06 4.70
Akidienu SD as cocoyam 31.7 41.0 0.50 0.59 2.93 4.12
Akidienu 2 WA cocoyam 27.8 45.8 0.33 0.48 2.28 3.51
Akidienu 4 WA cocoyam 21.9 19.2 0.40 0.46 2.05 2.99
Sole Akidienu 25.5 39.6 0.38 0.63 245 421
IT97K- 4 WB cocoyam 16.3 18.6 0.47 0.63 2.30 3.99
IT97K- 2 WB cocoyam  14.8 17.8 0.54 0.61 2.62 3.55
IT97K-  SD as cocoyam  16.1 19.9 0.64 0.75 3.70 5.21
IT97K- 2 WA cocoyam  15.1 16.9 0.40 0.56 2.40 3.23
IT97K- 4 WA cocoyam  15.6 16.3 0.27 0.48 1.83 2.99
Sole IT97K- 15.2 20.0 0.54 0.74 2.81 3.88
LSD 0.05 NS 22.6 NS NS NS NS

NS = not significant; WB = weeks before, WA = weeks after, SD = same day, IT97K- = T97K-499-35
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TABLE 7
Effect of time of introducing cowpea on pod yield and pod yield
components in 2012 and 2013 cropping seasons

NP per plant PW g/pod PY t ha!
Time of introducing cowpea 2012 2013 2012 2013 2012 2013 Mean
Akidienu 4 WB cocoyam 14.8 11.4 6.74 1298  3.98 6.13 5.06
Akidienu 2 WB cocoyam 15.7 13.2 8.00 1209 5.14 6.52 5.83
Akidienu SD as cocoyam 16.1 10.2 9.94 1458  6.81 5.56 6.19

Akidienu 2 WA cocoyam 5.7 4.6 6.53 11.93 1.50 2.10 1.80
Akidienu 4 WA cocoyam 39 3.8 6.45 11.04 1.02 1.63 1.33
Sole Akidienu 11.6 11.4 8.07 1322 3.65 6.23 4.94

IT97K- 4 WB cocoyam  14.3 27.6 9.72 1647  5.66 18.11 11.89
IT97K- 2 WB cocoyam  16.3 27.0 12.61 17.70  8.26 18.30 13.28
IT97K-  SD as cocoyam 15.0 322 9.57 1646  5.71 21.18 13.45
IT97K- 2 WA cocoyam  14.0 15.0 9.33 12.51 5.44 7.09 6.27

IT97K- 4 WA cocoyam 8.0 10.3 8.68 11.51 2.78 4.74 3.76
Sole IT97K- 13.8 243 8.04 1525  3.75 14.61 9.18
LSD 0.05 5.9 8.6 3.14 NS 3.02 5.45 3.47

NS = not significant; WB = weeks before, WA = weeks after, SD = same day, IT97K- = IT97K-499-35, NP =
number of pods, PW = pod weight, PY = pod yield

TABLE 8
Effect of time of introducing cowpea on seed yield and seed yield
components in 2012 and 2013 cropping seasons

No. of seeds pod’ 100 seed weight (g) Seed yield kg ha'!

Time of introducing cowpea 2012 2013 2012 2013 2012 2013
Akidienu 4 WB cocoyam 17.7 19.8 9.60 12.80 134.7 117.0
Akidienu 2 WB cocoyam 18.2 20.0 13.52 13.17 156.2 138.4
Akidienu SD as cocoyam 19.0 19.6 13.68 13.50 171.8 106.3
Akidienu 2 WA cocoyam 16.8 18.8 10.58 11.08 40.3 39.6
Akidienu 4 WA cocoyam 16.3 18.1 10.76  11.34 26.6 31.0
Sole Akidienu 17.8 20.1 12.12 12.85 111.5 107.2
IT97K- 4 WB cocoyam 11.8 15.1 18.47 2246 1222 373.7
IT97K- 2 WB cocoyam 12.8 14.3 13.50 17.51 1140  269.1
IT97K-  SD as cocoyam 13.5 14.6 15.00  18.05 122.3 3372
IT97K- 2 WA cocoyam  12.8 13.8 16.23 19.65 116.7 161.4
IT97K- 4 WA cocoyam  12.5 13.1 17.00  20.38 68.3 109.2
Sole IT97K- 12.3 13.6 14.07 19.57 96.2 268.0
LSD 0.05 1.9 1.4 4.45 433 72.7 113.5NS =

not significant; WB = weeks before, WA = weeks after, SD = same day, IT97K- = IT97K-499-35
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TABLE 9
Partial and total land equivalent ratio (LER) of cocoyam/cowpea intercrop
in 2012 and 2013 cropping seasons

Partial LER Total LER
Time of introduction Coco cowpea Coco cowpea
2012 2013 2012 2013 Mean
Sole 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Cocoyam 4 WB Akidienu ~ 0.93 0.29 0.81 0.32 1.22 1.13 1.18
Cocoyam 2 WB Akidienu ~ 0.77 0.43 0.78 0.39 1.20 1.17 1.19
Cocoyam SD as Akidienu  0.66 1.92 0.50 1.14 2.58 1.64 2.09
Cocoyam 2 WA Akidienu 0.27 1.70 0.28 1.32 1.97 1.60 1.79
Cocoyam 4 WA Akidienu 0.17 1.24 0.27 1.23 1.41 1.50 1.46
Cocoyam 4 WB IT97K- 0.95 0.77 1.00 0.33 1.72 1.33 1.53
Cocoyam 2 WB IT97K- 0.91 1.54 1.35 0.49 2.45 1.84 2.15
Cocoyam SD as IT97K- 0.58 1.55 0.66 1.49 2.13 2.15 2.14
Cocoyam 2 WA IT97K- 0.27 0.28 0.32 1.32 2.55 1.64 2.10
Cocoyam 4 WA IT97K- 0.28 1.58 0.57 1.23 1.86 1.80 1.83

NS = not significant; WB = weeks before, WA = weeks after, SD = same day, IT97K- =1T97K-499-35

TABLE 10
Land equivalent coefficient (LEC) and area x time equivalent ratio (ATER) of
cocoyam/cowpea intercrop in 2012 and 2013 cropping seasons

LEC ATER
Time of introducing cowpea 2012 2013 Mean 2012 2013 Mean
Sole cocoyam 1.00 1.00 1.00 NA NA NA
Sole Akidienu 1.00 1.00 1.00 NA NA NA
Sole IT97K-499-35 1.00 1.00 1.00 NA NA NA
Cocoyam 4 WB Akidienu  0.27 0.26 0.26 1.05 0.94 1.00
Cocoyam 2 WB Akidienu  0.33 0.30 0.32 0.95 0.95 0.95
Cocoyam SD as Akidienu 1.27 0.57 0.92 1.48 0.99 1.24
Cocoyam 2 WA Akidienu 0.46 0.37 0.42 1.00 0.85 0.93
Cocoyam 4 WA Akidienu 0.21 0.33 0.27 0.70 0.80 0.75
Cocoyam 4 WB IT97K- 0.73 0.33 0.53 1.28 1.14 1.21
Cocoyam 2 WB IT97K- 1.40 0.66 1.03 1.57 1.56 1.57
Cocoyam SD as IT97K- 0.90 0.98 0.94 1.24 1.30 1.27
Cocoyam 2 WA IT97K- 0.62 0.42 0.52 1.25 0.89 1.07
Cocoyam 4 WA IT97K- 0.44 0.70 0.57 0.96 1.10 1.03

NA = not applicable; WB = weeks before, WA = weeks after, SD = same day, [IT97K- = 1T97K-499-35



