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 
Abstract—A field experiment was conducted at Ido town in Ido 

Local Government Area of Oyo state, Nigeria to determine the 
effects of intercropping maize (Zea mays L.) with Jack bean 
(Canavalia ensiformis L.) at different spacing and weeding regimes 
on crops productivity. The treatments were 2 x 2 x 3 factorial 
arrangement involving two spatial crop arrangements. Spacing of 75 
cm x 50 cm and 90 cm x 42 cm (41.667 cm) with two plants per 
stand resulted in plant population of approximately 53,000 
plants/hectare. Also, Randomized Complete Block Design (RCBD) 
with two cropping patterns (sole and intercrop), three weeding 
regimes (weedy check, weeds once, and weed twice) with three 
replicates was used. Data were analyzed with SAS (Statistical 
Analysis System) and statistical means separated using Least 
Significant Difference (LSD) (P ≤ 0.05). Intercropping and crop 
spacing did not have significant influence on the growth parameters 
and yield parameters. The maize grain yield of 1.11 t/ha obtained 
under sole maize was comparable to 1.05 t/ha from maize/jack beans. 
Weeding regime significantly influenced growth and yields of maize 
in intercropping with Jack beans. Weeding twice resulted in 
significantly higher growth than that of the other weeding regimes. 
Plant height at 6 Weeks After Sowing (WAS) under weeding twice 
regime (3 and 6 WAS) was 83.9 cm which was significantly different 
from 67.75 cm and 53.47 cm for weeding once (3 WAS) and no 
weeding regimes respectively. Moreover, maize grain yield of 1.3 
t/ha obtained from plots weeded twice was comparable to that of 1.23 
t/ha from single weeding and both were significantly higher than 0.71 
t/ha maize grain yield obtained from the no weeding control. The dry 
matter production of Jack beans reduced at some growth stages due 
to intercropping of maize with Jack beans though with no 
significance effect on the other growth parameters of the crop. There 
was no effect on the growth parameters of Jack beans in maize/jack 
beans intercrop based on cropping spacing while comparable growth 
and dry matter production in Jack beans were produced in maize/Jack 
beans mixture with single weeding. 

 
Keywords—Crop spacing, intercropping, growth parameter, 

weeding regime, sole cropping, week after sowing. 

I. INTRODUCTION 

ACK bean is botanically known as Canavalia ensiformis 
and the plant is known in different countries with different 

names. It is called ‘Jack bean’ in South Africa and Zimbabwe; 
‘Sword bean’ in Australia, ‘One eye bean’ in West Indices and 
‘Feijaode porco’ in Brazil [16]. Jack bean belongs to the 
kingdom Plantae, division Magnoloiphyta, order Fabales, 
family Fabaceae, genus Canavalia and species Canavalia 
ensiformis [22]. The genus Canavalia comprises 48 species of 
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underutilized annual legumes widely distributed and 
indigenous to the tropics. Jack bean is an incredibly drought-
resistant, hardy legume that grows well in extremely poor, 
droughty soils (and apparently less well in fairly fertile soils) 
[6].  

It is agronomically sown as an annual cover crop. Strong 
durable support crops such as millet, sorghum, sugarcane, 
coffee, cocoa among others can be intercropped when planted 
as a perennial crop [4]. Canavalia seeds (mostly seed coats) 
are known with presence of several endogenous toxic anti-
nutritional factors [6]. Jack bean seed is known to be nearly 
oblong in shape and usually white in colour with coat that 
shoud not be eaten. Total yield of dry seeds can reach up to 
2.5 tons/hectare [17]. If planted in a maize or sorghum field, it 
should be seeded within 15-30 days of the primary crop, 
depending on climate, speed of growth of the other crops etc. 
[8]. Presently in Nigeria, it is crystal clear there are no farms 
where the Jack bean is being cultivated commercially, 
although many Nigerians are known with planting of Jack 
beans both around and at homes as a flowering plant while 
some grow wild. It is also planted in several homes as anti-
snake. It is generally cultivated for forage or green manuring 
purposes. Jack beans are scientifically known as soil nitrogen 
fixers as leguminous plants and therefore need atmospheric 
nitrogen. It can also be used in grain fields, under orchard 
trees or to shorten fallow periods [8]. 

Maize (Zea mays L.) is a cereal plant belonging to the 
family Poaceae commonly referred to as the grass family 
which today constitute the most widely distributed food crops 
in the world [7]. Maize is a versatile crop growing across a 
range of ecological zones and every part of it has economic 
values; the grains, leaves, stalk, tassel and non-food products 
of the plant [12]. Though maize is the most important cereal 
food crops in Nigeria, it comes after wheat and rice in terms of 
world importance [19]. Maize is a basic staple food for large 
population groups particularly in developing countries [10]. 
Maize is also an important livestock feed both as silage and as 
crop residue, grain and is also used industrially for starch and 
oil extraction [12]. The low yield of maize recorded in Africa 
can be attributed to some limitations encountered. The 
constraints include insect pests, diseases and in particular 
weeds. In Nigeria, weed infestation which seems to be one of 
the major factors responsible for low yield can be associated 
with low maize grain yield. Maize production has increased in 
Nigeria. This rapid growth in maize production occurred 
mainly through expansion of areas under cultivation [3]. Weed 
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is also a major constraint to maize production and is also 
regarded as the most deleterious to maize production causing 
between 69 and 92% loss in grain yield in Nigeria Savanna 
ecological zone [13]. Maize is susceptible to competitions 
from many annual weeds in the first 6-8 weeks after planting 
and the extent of the infestation varies from one ecological 
zone to another. Weeding during the critical period of 10-30 
days after crop emergence greatly enhances grain production, 
while an uncontrolled weed growth during this period could 
reduce yield by 40-60% [2]. Maize requires minimum weed 
invasion to exhibit its yield potential. Heavy weed interference 
results in competition for essential resources and consequently 
yields loss. Weeds are the most persisted of all crop pests. The 
major weed control techniques in maize are hand weeding, use 
of mulches, cover crops and herbicides; the choice depends on 
the demands for erosion control, type of soil, soil fertility and 
moisture conservation. 

Mixed cropping is the practice of growing more than one 
particular crop in a field at a given period of time. 
Intercropping is known as a practice of growing more than one 
crop at same time in alternating rows of a field [5]. 
Intercropping can therefore be regarded as a type of mixed 
cropping. Cereal-legume intercropping is often employed as a 
basis for enhancing resources use and the sustainability of 
tropical smallholder farming systems [21]. In Africa, maize 
does well when intercropped with beans or other legumes. 
Productivity of mixture of maize and legumes often exceeds 
that of sole crops due to synergistic effects that favour the 
growth and yield components of both crops [1]. Legume and 
cereal usually work together when intercropped while the 
legume fixes the nitrogen level in the soil to supply it back to 
the cereal in order to maximize the crop yield. Intercropping 
of maize and cowpea (Vigna unguiculata) is especially 
beneficial on nitrogen poor soils [23]. Cowpeas do not 
compete with maize for soil nitrogen as they obtain majority 
of their nitrogen from the atmosphere. Research shows that 
maize yields were insignificantly unaffected when 
intercropped with cowpeas [23]. Legumes can however 
compete with associated crop for soil nitrogen, and 
consequently reduce grain yield of the crop being competed 
with. 

II. MATERIALS AND METHODS 

The field experiments were conducted between April to 
October 2013. The experimental site was situated at Ido town 
in Ido Local Government Area of Oyo state, Nigeria. Ibadan 
lies in the derived savannah zone of south-west Nigeria with 
an annual rainfall from 1200 to 1450 mm. Generally, the 
monthly rainfall distribution pattern for Ibadan is bi-modal 
and there are two growing seasons. The first is from March to 
July and the second from August to November. The vegetation 
cover was mainly annual weeds with very few stands of 
perennial weeds.  

Maize seeds (Oba Super II) were obtained from Ido, Ibadan, 
Nigeria while jack beans seeds were obtained from previously 
harvested jack beans on the same farm. The experimental 
design was a RCBD. The treatments were 2 x 2 x 3 factorial 

arrangement involving two spatial crop arrangements with 
spacing of 75 cm x 50 cm and 90 cm x 42 cm (41.667 cm), 2 
plants per stand resulting in plant population of approximately 
53,000 plants/hectare; two cropping pattern (sole and 
intercrop) and three weeding regimes (weedy check, weeds 
once, and weed twice) with three replications. 

Four maize seeds (Oba Super II) were sown per hole and 
later thinned to two plants per stand to achieve the desired 
planting density while the missing stands for both maize and 
jack beans were supplied. Jack beans seeds were sown using 
the same spacing for maize but maintained at one plant per 
stand resulting in plant population density of 26,666 plants/ha. 
Weeding was done manually at 3 and 6 weeks for treatments 
meant for ‘weeding twice’ and once at 3 weeks for treatments 
to be weeded once. The plots were also sprayed with 
insecticide Magic Force© (Lamdacyhalothrin 15 g/l + 
dimethoate 300 g/l) at the rate of 1.5 l/ha prior to harvesting. 

Data were collected on number of weed species and density 
at 7 WAS and dry weed biomass. Weed count (species and 
density) was done by quadrant size of 50 cm x 50 cm. Dry 
matter of the quadrant was obtained by cutting off the roots of 
the weeds and oven drying of the fresh weeds at 800 oC until 
constant weight is obtained. Data collected on maize were 
plant height, stem diameter, numbers of tasseled plants to 
determine number of days to 50% tasseling and economic and 
biological weight after harvesting at 20 WAS. Plant height 
was taken using measuring tape and stem diameter using 
digital vernier callipers. Data collected on Jack beans included 
number of leaves and height per plant at 4, 6 and 11 WAS, 
weight of fresh and oven dry samples at 6 WAS, number of 
flowered plants between 7 and 9 WAS, number of podded 
plants at 9 WAS, number of pods and flowers per plant at 9 
WAS, number of branches per plant at 11 WAS and weight of 
harvested beans at 21 WAS. 

The data obtained from the field experiments were analyzed 
with SAS and means separated using LSD (P = 0.05). 

III. RESULTS AND DISCUSSION 

A. Effects of Cropping Systems on Growth and Yield 
Parameters of Maize in Maize/Jack Beans Intercrop 

Table I shows the effects of cropping systems (sole and 
intercrop) on growth and yield parameters (plant height, plant 
diameter and grain yield) on maize in Maize-Jack beans 
intercrop. The table shows that the cropping pattern 
significantly influenced maize plant height at 4 weeks after 
planting. At 6 weeks after planting, the difference was not 
significant on maize plant height and the other growth 
parameters collected on maize. Maize grain yield at harvest 
was also not significantly influenced by intercropping though 
lower yields were recorded for the plots that had intercrop. 
This was also reported by [9]-[24] that legumes can compete 
for soil nitrogen with the associated crop and reduce its grain 
yield.  

The absence of significant influence of weeding regime on 
maize growth parameters except on plant height at 4 WAS 
(early stage of growth) may be as a result of increase in Jack 
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beans production which competes with maize for soil N. In 
another study the harvest index of maize intercropped with 
crotalaria was lower than that of the monoculture in all 
seasons with the conclusion from long-term studies that there 
can be possible reduction in yield of a more competitive green 
manure (legume) such as crotalaria intercrop with maize [18]. 

B. Effects of Crop Spacing on Growth and Yield Parameters 
of Maize in Maize/Jack Beans Intercrop 

Table II shows the effect of crop spacing (75 cm x 50 cm 
and 90 cm x 42 cm) on growth and yield parameters of maize 
in Maize-Jack beans intercrop. The crop spacing had no 
significant influence on growth parameters collected on maize 
in maize/Jack beans intercrop. Also, the crop spacing has no 
significant influence on grain yield of maize at harvest.  

The plant population was based on earlier studies where 
optimum density 53,000 – 66,000 plants/ha gave optimum 
grain yield [14]. Some of the collected parameters; maize 
plant height at 6 WAS, maize stem diameter at 4 and 6 WAS 
with grain yield at harvest under crop spacing of 90 cm x 42 
cm were slightly higher than that of 75 cm x 50 cm crop 
spacing but not significantly different. This can be attributed 
to increase in the equidistant spacing of the plants at 90 cm x 
42 cm and reduction in plant density. According to [18], plants 
spaced equidistantly from each other compete minimally for 
nutrient, light and other growth factors. Maize is the most 
sensitive to variation in plant density among members of the 
grass family. Plant density affects plant architecture, alters 
growth developmental patterns and influences carbohydrate 
production and partition [7]. 

 
TABLE I 

EFFECTS OF CROPPING SYSTEMS ON GROWTH AND YIELD PARAMETERS OF 

MAIZE IN MAIZE/JACK BEANS INTERCROP 

Cropping 
system 

Plant height (cm)  Stem diameter (cm) MGY 

Weeks after planting (t/ha) 

4 6  4 6 9  
Sole 

maize 
32.19 69.64  1.43 1.9 1.95 1.11 

Maize/Jac
k beans 

28.72 67.10  1.28 1.83 1.85 1.05 

LSD 2.60 ns  ns ns ns ns 

MYG = Maize grain yield; ns = not significant (P ≤ 0.05) 
 

TABLE II 
 EFFECTS OF CROP SPACING ON GROWTH AND YIELD PARAMETERS OF MAIZE 

IN MAIZE/JACK BEANS INTERCROP 

Crop spacing 
(cm) 

Plant height(cm)  Stem diameter (cm) MGY 

Weeks after planting (t/ha) 

4 6  4 6 9  

75 x 50 30.46 63.07  1.35 1.84 1.93 1.07 

90 x 42 30.45 73.67  1.36 1.89 1.88 1.09 

LSD ns ns  ns ns ns ns 

MYG = Maize grain yield; ns = not significant (P ≤ 0.05) 
 

C. Effects of Weeding Regimes on Growth and Yield 
Parameters of Maize in Maize/Jack Beans Intercrop 

Table III shows the effect of weeding regimes on growth 
parameters of Maize in Maize-Jack beans intercrop. Plant 
height (4 and 6 WAS) was significantly influenced by (3 and 6 

WAS) weeding regime while there was no significant 
difference in the plant height at 4 WAS under no weeding and 
when weeded once at 3 WAS. Stem diameter and maize grain 
yield at no weeding regime are significantly lower than when 
the maize was weeded at 4 WAS and also at 3 and 6 WAS. 
Weeding during the critical period of 10-30 days after crop 
emergence greatly enhances grain production, while an 
uncontrolled weed growth during this period could reduce 
yield by 40-60% [2]. 

Grain yields of maize obtained at no weeding regime and 
once weeding (3 WAS) regimes were lower than that of 
weeding twice (3 and 6 WAS) regime. Reference [11] 

observed that unless weeds are controlled, they either choke or 
eliminate the desired plants or reduce yields and any 
competition by weeds significantly reduces yield or prevent 
crop harvest. 

 
TABLE III 

EFFECTS OF WEEDING REGIME ON GROWTH AND YIELD PARAMETERS OF 

MAIZE IN MAIZE/JACK BEANS INTERCROP 

Number of 
weeding 

Plant height (cm)  Stem diameter (cm)  MGY 

Weeks after planting  (t/ha) 

4 6  4 6 9   
Twice (3 and 6 

WAS) 
34.23 83.9  1.53 2.03 2.02  1.3 

Once (3 WAS) 27.83 67.75  1.42 1.95 1.95  1.23 

No weeding 29.31 53.47  1.12 1.61 1.75  0.71 

LSD 3.18 16.15  0.2 0.23 0.19  0.23 

MYG = Maize grain yield; ns = not significant (P ≤ 0.05) 

D. Effects of Cropping Systems on Growth and Yield 
Parameters of Jack Beans in Maize/Jack Beans Intercrop 

Table IV shows that the cropping system has no significant 
influence on growth parameters collected on Jack beans in 
maize/Jack beans intercrop. The dry matter yield of jack beans 
at harvest was significantly influenced by cropping systems. In 
[25], the results showed that the sole cropping of legumes 
yielded higher than all the maize-legume combinations did 
although such mixture indeed increased the seed yield of 
maize with (13.3 mg ha-1) in 2-row planting for intercrop and 
(13.4 mg ha-1) in single-row planting for sole legume. 
According to [20], Stylosanthes hamata yield was greatest as a 
monoculture and, as the intercrop, was significantly increased 
with increasing row spacing of maize. Low nitrogen 
requirement of maize may be responsible for the absence of 
significant effect on parameters of jack beans in maize/jack 
beans intercrop. 

E. Effects of Crop Spacing on Growth and Yield Parameters 
of Jack Beans in Maize/Jack Beans Intercrop 

Table V shows that crop spacing has no significant 
influence on growth parameters collected on Jack beans in 
maize/Jack beans intercrop. Also, dry matter yield at harvest 
was not significantly influenced by cropping spacing. Some of 
the growth parameters collected on jack beans at 90 cm x 42 
cm crop spacing were greater than that of the 75 cm x 50 cm 
crop spacing but with no significant difference. Reference [20] 

also showed that the yield of the legume increased with wider 
row spacing due to increased space availability, resulting in 
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reduced shading by the maize plants and perhaps reduced 
competition for nutrients. Similarly, the reduction in crude 
protein concentration of Stylosanthes hamata with increased 
row spacing may result from increased Stylosanthes growth 
and hence stem content. 

F. Effects of Weeding Regime on Growth and Yield 
Parameters of Jack Beans in Maize/Jack Beans Intercrop 

Table VI shows that at 4 and 6 WAS plant height of Jack 
beans was not significantly influenced although plant height at 
6 WAS under twice weeding regime is 57 cm tall while that of 
once weeding regime and no weeding regime are 49 cm and 
57 cm respectively. 

 
TABLE IV 

EFFECTS OF CROPPING SYSTEMS ON GROWTH AND YIELD PARAMETERS OF 

JACK BEANS IN MAIZE/JACK BEANS INTERCROP 

Cropping system 

Plant height 
(cm) 

 
Number of 

leaves 
 

Dry matter 
yield (kg/ha) 

Weeks after planting 

4 6  4 6  6 

Sole Jack beans 40.58 57.38  6.07 13.54  24.85 

Maize/Jack beans 35.64 51.51  5.82 12.06  21.37 

LSD ns ns  ns ns  3.47 

MYG = Maize grain yield; ns = not significant (P ≤ 0.05) 
 

TABLE V 
EFFECTS OF CROP SPACING ON GROWTH AND YIELD PARAMETERS OF JACK 

BEANS IN MAIZE/JACK BEANS INTERCROP 

Cropping 
spacing 

Plant 
height(cm) 

 
Number of 

leaves 
 

Dry matter 
yield (kg/ha) 

Weeks after planting 

4 6  4 6  6 

75 x 50 35.33 53.86  5.74 13.29  23.36 

90 x 42 40.89 55.04  6.14 12.31  22.86 

LSD ns ns  ns ns  ns 

ns = not significant (P ≤ 0.05) 
 

TABLE VI 
EFFECTS OF WEEDING REGIME ON GROWTH AND YIELD PARAMETERS OF 

JACK BEANS IN MAIZE/JACK BEANS INTERCROP 

Cropping spacing 

Plant height 
(cm) 

 
Number of 

leaves 
 

Dry matter 
yield 

Weeks after planting 

4 6  4 6  6 
Twice (3 and 6 

WAS) 
37.63 57.37  7.1 14.83  25.87 

Once (3 WAS) 36.93 48.78  5.49 12.76  23.91 

No weeding 39.78 57.19  5.24 10.81  19.56 

LSD ns ns  1.05 2.79  4.25 

ns = not significant (P ≤ 0.05) 
 

The number of leaves at weeding twice (3 and 6 WAS) 
resulted in higher number of leaves which was significantly 
different from other weeding regimes. Although at 6 WAS, 
weeding twice resulted in the number of leaves that is not 
significantly different from weeding once but significantly 
different from that of no weeding. Dry matter yield at harvest 
was significantly influenced by weeding regimes. At weeding 
twice regime (3 and 6), dry matter yield of Jack beans at 
harvest was significantly different from that of no weeding 
regime. Reference [15] evaluated the effect of weed period on 
sesame (Sesamum indicum). Decreased sesame seed yield can 

be associated to the increased duration of weed interference 
and occur mainly through reduction in number of capsules or 
plants and number of seeds/capsules which is related to loss in 
grain yield of legumes. 

IV. CONCLUSION 

In this study, intercropping and crop spacing did not have 
significant influence on the growth parameters and yield of 
maize while the weeding regime significantly influenced 
growth and yields of maize in maize/jack beans intercropping. 
The effect of weeding twice on plant height is significantly 
higher than that of the other weeding regimes. Intercropping 
of maize with Jack beans reduced the dry matter production of 
Jack beans at some growth stages whereas it has no 
significance effect on the other growth parameters. Cropping 
spacing has no effect on the growth parameters of jack beans 
in maize/jack beans intercrop. Single weeding in maize/jack 
beans intercrop produced a comparable growth in plant 
heights at 4 and 6 WAS of maize and dry matter in Jack beans. 

Since crop spacing has no significant influence on growth 
parameters and grain yield of maize, any of the two crops 
spacing can be used. Wider spacing may however be adopted 
so that the amount of sun radiant energy captured by the jack 
beans in intercrop, can be improved. Jack beans may not be 
intercropped with maize for the purposes of yield 
maximization of maize except for other reasons such as soil 
conservation, control of soil erosion, mulching, land 
maximization, production of two crops at a time since results 
show that intercropping maize with Jack beans did not have 
significant influence on the growth parameters and yield of 
maize. Twice weeding regime (3 and 6 WAS) is also suitable 
and can be adopted. Moreover, other weeding regimes and 
cropping system can be evaluated further. 
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