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Abstract: Intercropping offers advantages if well plarmed including improved soil fertility and yields. Bambara
groundnuts have been shown to yield in low fertility soils and have been described as a complete food. Nerica
rice has been reported to offer higher yields and shorter growing seasons. Cropping systems that combine both
these crops m production systems will help alleviate malnutrition and food insecurity m many developing
countries. Understanding the growth characteristics of the these two crop species 1s essential for optimization
of their productivity. Therefore the main objective of this experiment was to evaluate the growth characteristics
of bambara groundnuts and NERICA rice under sole and mtercrop systems. Greenhouse experiments was set
up involving root zone partitioning to allow the roots of the two crops grow separately and unpartitioning
which allowed the roots of the two crops to intermingle and interact. Growth attributes including growth rates,
relative leaf growth rates, specific leaf area and leaf weight ratio were evaluated. The curve fitting method in
which polynomial functions were fitted to normal logarithmic values of total dry weight and total leaf area using
the functional approach. The two crop species showed varied growth responses under sole and mntercropping
systems. The differential growth characteristics in the two crop species are essential for resource utilization in
different mches both below and above ground.
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INTRODUCTION

Bambara groundnut has been reported as one of
the indigenous food crop found in western Kenya
that has a potential for reducing food and nutritional
msecurity [1]. It 18 an Indigenous African crop that has
been cultivated in Africa for centuries [2]. Tt’s a highly
nutritious plant which plays a crucial role m people’s diets
and 18 currently grown throughout Africa. Despite its
usefulness, Bambara groundmuts remain one of the
neglected crop by scientific commumity and 1s commonly
referred to as “a poor mans crop’.

Rice 1s a staple foed for nearly 2 billion people and
Kenya produces around 1.7 tones of rice under rainfed
conditions. Rice (Oryza sativa L) is a major source of food
throughout Asia and other parts of the world and its
consumed by half of the world population as a staple food
[3]. Area under rice cultivation 1s approximated to be
150,000,000 ha worldwide while its production stands

at 500,000,000 tommes. Therefore evaluation of its

performance when intercropped with a legume in this
region is key to alleviating poverty and crops
diversification

Legume-cereal intercropping is a method to obtain
greater and more stable crop yields, improve the plant
resource utilization (water, light, nutrients), mcrease the
input of leguminous symbiotic nitrogen fixation to the
cropping system and reduce negative impacts on the
environment [4]. However, due to
intensification of plant  breeding,

agricultural
mechanization
and fertilizer and pesticide use over the last 50 years,
intercropping has received less attention in many farming
systems. Motivations for remntroducing gram-legume-
cereal intercropping relate to the problems faced by
intensive farming systems. Tt has become evident that
agricultural production systems often characterized by
monocultures, nutrient surpluses and large external input
of fertilizer, pesticides and feed concentrates are not
sustainable in the long term. On the medium and long
term this causes undesirable economic, ecological,
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environmental and social effects. Intercropping offers the
potential for; generating more stable yields, due to self-
regulation in the crop. This will give the farmer better
msurance against crop failure and will safeguard the
farmer’s earnings, improving product quality such as
greater protemn of cereals, planned
competition, providng an ecological method via
competition and natural regulation mechanisms and

content via

planned biodiversity to manage weeds and pests, hence
reducing the cost of energy for weed and pest control and
the  synchrony  between
immobilization-mineralization and crop N demand, due to
differences in the quality of the residues and thereby

unproving microbial

aiding m the conservation of N i the cropping system.

Despite all these benefits evaluation of the growth
attributes of the crops species under intercropping is key
to understanding their performance and estimation of
productivity. A number of methods have been used to
measure growth attributes. At the whole plant level the
assimilation of carbon and mineral salts and its
subsequent partitioming within the plant are the most
commonly employed measures of growth [5,6].

Presently no work has been reported on growth
attributes of nerica rice and bambara groundnuts under
intercropping system. Therefore this experiment was
conducted to determine the growth attributes of bambara
groundnuts and nerica rice under intercropping system.

MATERIALS AND METHODS

The experiment was conducted in the research
greenhouses at University Hannover, Germany of the
Institute of Biological Production Systems. Plastic boxes
measuring 30 cm by 40 ecm and height of 60 cm were used.
Six boxes were fixed with thin plastic barrier from the
bottom to the top to simulate monocropping while other
six boxes were not fixed with the barrier to allow crops
mteraction as m field intercropping system. All the twelve
boxes were filled with sand media and randomized
completely. They were then watered to 80% water holding
capacity and then planted with the NERICA 11 and
Bambara groundnuts. Boarder boxes were also installed to
ensure the safety and less interference of the boxes to be
harvested for evaluations. Three harvests were conducted
and necessary data collected.

The curve fitting method (functional technique) was
followed to determine different growth attributes. In the
curve fitting method, polynomial functions were fitted to
normal logarithmic values of total dry weight and total leaf
area using the spreadsheet analysis program Microsoft
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Excel version 7.0. The log, transformation was made in
order to render the variance homogeneous with time [7].
The selection of appropriate polynomial regression model
was done by ‘lack of fit" method of Nicholls and Calder
[8]. The different growth attributes were determined
based on the formulae:

W, - W,
-t
(g m~? land surface day ! )

1. Crop growth rate (CGR) =

log , Wy —log . W,

2. Relative growth rate (RGR) =

W, — W, (log . Ay — log. Ay)
3. Net Assimilation Rate (RGR) =

Ag-A (L -t)
(g day™')

Ay - Ay (log . W, —log . Wy,

4. Leaf Area Ratio (LAR) =
W, - Wi (log. Ay—log . Ap)
mike™)

5. Leaf Weight Ratio (LWR) =

Lw
mike™)

6. Specific Leaf area (SLA) =

Lw

7. Specific Leaf weight (STW) =
kg™ m’)

Where

Lw 1s the leaf weight,
W = total dry wt,

A =leaf area,

t = time

RESULTS

Growth analyses of green house intercropped
bambara and NERICA rice 11

Crop Growth Rate: The bambara groundnuts growth rate
in both root zenes was similar from 24 DAS and continued
up to 38 DAS. Plants in both root zones were observed to
reach thewr peak at the same time and consequently
commenced achieving a constant growth rate at 46 DAS
(Figure 1). Plants in unpartitioned root zone were
observed to have a much lower growth at 52 DAS as
compared to bambara groundnuts grown in partitioned
root zone (Figure 1).
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Fig. 1.  Effect of root zone partitioning and unpartitioning on crop growth rate of bambara groundnuts when grown
in sole and intercrop NERICA 11 rice in the greenhouse
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Fig.22 NERICA growth rates when grown as sole crop and intercropped with bambara groundnuts in different root
zones in greenhouse
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Fig. 3: Influence of partitioned and unpartitioned root zones on relative leaf growth rates of bambara groundnuts
grown in combination with NERICA ricein greenhouse
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Fig.4: Variation in NERICA rice 11 relative leaf growth rate when sole cropped and grown with bambara
groundnuts in same root zone in greenhouse
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Fig.5. Changes in specific leaf area of bambara groundnuts when grown in same and separated root zone with
NERICA rice 11 in the greenhouse
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Fig.6: Effect of root zone partitioning and unpartitioning on specific leaf area of NERICA rice 11 grown as sole
crop or intercropped with bambara groundnuts in the greenhouse
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Fig. 7. Effect of root zone partitioning and unpartitioning on leaf weight ratio of bambara groundnuts when sole and
mtercropped with NERICA rice 11 mn greenhouse.
5 w===Inpartitioned root zone =fli=Partitioned root zone
14 —
'% 038 - 1 2
-'EJ 06 -
E
T 04
)
02 1
0
24DAS 383 DAS 52 DAS
Time (Days)
Fig. 8  Effect of partitioned and unpartitioned root zone on leaf weight ratio of NERICA rice 11 when sole and

intercropped with bambara groundnuts in greenhouse

The NERICA rice growth rate in both root zones was
similar from time of germination. Soon after 26 DAS
NERICA rice grown in partitioned root zone was observed
to have higher growth rate as compared rice n
unpartitioned root zones. This differences in growth rate
persisted until at 46 DAS when their growth rate was
equal (Figure 2). Further growth resulted in NERICA rice
grown 1n partitioned root zone reduce its growth wiule
NERICA rice grown in unpartitioned root zone was now
observed to have higher growth rate at 52 DAS (Figure 2).

Relative Leaf Area Growth Rate: The relative leaf growth
rate of bambara groundnuts in both root zones was
observed to increase with time from germination and at
similar rate (Figure 3). This trend continued and at 38 DAS
the relative growth rate was equal The peak relative
growth rate was achieved between 38 DAS and 45 DAS
for both bambara plants grown in both root zones (Figure
3). At 52 DAS the relative leaf growth rate was constant
and started to decline m plants grown n unpartitioned
root zone (Figure 3).
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The relative leaf growth rate of NERICA rice was
observed to increase with time from germination.
At 24 DAS the RLGR of both rice plants grown in
the two different root zones was siumilar. With further
growth at 31 DAS the RLGR of plants in partitioned root
zone was above that of plants in unpartitioned root zone
(Figure 4). This trend continued and at 52 DAS the RL.GR
of plants m both root zones was similar and constant
(Figure 4).

Specific Leaf Area: The values of specific leaf area for
bambara groundmuts in both root zones were similar
and higher at the 24 DAS. These declined steadily
with time up to 38 DAS after which bambara
groundnuts grown in  unpartitioned
showed some constancy while SLA of plants grown
in partitioned root zone continued to decline steadily
(Figure 5). At 52 DAS the SLA of bambara groundnuts in
unpartitioned root zone was slightly above than that in
partitioned root zone though both of them were on
declining trend (Figure 5).

root zone
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The SLA of NERICA rice in both root zones showed
a complete opposite of what was observed in bambara
groundnuts. The SLA was observed to mcrease with time
(Figure 6). Plants in partitioned root zone had igher SLA
soon after 26 DAS and this trend continued up to late in
the growth cycle. SLA of plants in both root zones
appeared to reach therr peak at similar time and
commenced to decline though SLA of plants in
partitioned root zone was higher (Figure 6). At 52 DAS the
SLA was declining in both root zones.

Leaf Weight Ratio: The leaf weight ratio of bambara
groundnuts 1n unpartitioned root zone was steady
showing some slight increase up to 38 DAS and then
starting to decline steadily (Figure 7). The leaf weight ratio
of plants in partitioned root zone showed a rapid increase
m LWR and reached its peak at 38 DAS and declined
rapidly late m the season (Figure 7).

The LWR of NERICA rice grown 1in unpartitioned
root zone showed steady decline from 24 DAS towards
late in the growth cycle. The LWR of NERICA rice in
partitioned root zone was higher at 24 DAS and was equal
to LWR of plants in unpartitioned root zone at 31 DAS. Tt
was observed to decline rapidly and at 52 DAS it was
much lower than LWR of NERICA rice grown in the same
root zone with bambara groundnuts (Figure 8).

DISCUSSION AND CONCLUSION

Crop Growth Rate (CGR): Crop growth rates (CGR) 1s a
growth function which represents the net results of
photosynthesis, respiration and canopy area interaction.
The results from the experiment indicated similar growth
rates for bambara groundnuts grown in both partitioned
and unpartitioned root zones. The NERICA rice 11 grown
in partitioned root zone had higher growth rate but this
declined to near constant as rice plants grown in one root
zone with bambara groundnuts continued their growth at
52 DAS (Figure 2). The results on bambara growth rates
are in accordance with Brink [9] who reported that the
growth rates of bambara groundnuts grown as an
mtercrop and shaded by taller cereals was not different
from that in sole cropped bambara groundnuts. Higher
CGR has been linked to higher dry matter production and
Williams et al. [10] reported that CGR is a representative
of most common agronomic measurements such as yield
and dry matter per unit land area. NERICA rice grown as
sole crop in partitioned root zone had higher CGR in mid
growth cycle (Figure 2) but this declined rapidly before 52
DAS. The lighest NERICA CGR could be attributed to
access to optimal below ground resources without
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competition during early stages of growth, but as
resources are depleted the CGR rate declines rapidly. On
the other hand NERICA rice grown m intercrop with
bambara groundnuts experienced competition at
begimning of growth but as the interaction between the
two plants complemented each other, the CGR of NERICA
rice was able to continue steadily than rice grown as sole
crop. Similar results have been reported in other crops
such as barley [11].

Relative Leaf Growth Rate (RL.GR): Both the bambara
groundnuts and NERICA rice 11 grown as either sole or
sole cropped were observed to increase their RLGR) with
time up to a pomt after which it was constant at 52 DAS
and with further growth it would decline (Figure 3 and 4).
Similar results have been reported by Saha and Paul [12].
Experiments on wheat have shown also similar results
reported by Saha and Paul [12], Sarker and Paul [13] and
Sarker ef al. [14]. The major cause of constant and then
declining of RLLGR at later stages of growth is decline in
production of new foliage and commencement of
abscission of older leaves. The RLGR has been shown to
be influenced by soil nutrients such as nitrogen
availability [12](Saha and Paul, 1995).

Specific Leaf Area (SLA): Specific leaf area of bambara
groundnuts grown m sole and mtercrop with rice was
higher at imitial stages of growth but declined with the age
of the plants. NERICA rice SLA increased with age until
appoint where 1t started declimuing though rice in
partitioned root zone was observed to mamtam higher
SLA (Figure 6). The SLA which is an index of leafiness of
the leaf mvolves an assessment of the leal’s area in
relation to its dry weight. The value of SLA gives an
indication to the extend of demand for photosynthates for
different plant organs in the growth cycle of the plant.
Bambara crop showing higher SLA at beginning of
growth demonstrated the high demand of photosynthates
to roots for development. On the other hand, rice plant
showed the greatest demand for photosynthates at 43
DAS when it had the highest SLA and this demand
declined with time with limited sinks that required
photosynthates except for reproductive structures at later
stages of growth. [12, 13] reported the decline in SLA with
increasing plant age. Alam and Haider [15] reported
declining SI.A with time overt the initial growth stages of
barley but this trend changed and increasing tendencies
of SLA were observed at later stages of growth. This
could be attributed to
photosynthates to reproductive structures later in the
growth cyele [16].

active translocation of
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Leaf Weight Ratio (LWR): This offers an index of
leafiness of the plant on a dry weight basis and is a
measure of productive investment of the plant. The LWR
of bambara groundnuts was observed to mcrease with
time and decline sharply later at 52 DAS. The increase and
decline of LWR was intense in bambara grown as sole,
while the change in bambara grown in same root zone with
rice was steady (Figure 7). The LWR in NERICA rice was
on a downward trend from 24 DA S and was intense in rice
sole cropped than in intercropped rice (Figure 8). These
observations were also reported by Thorne [17]. Similarly
Alam and Haider [15] reported mereasing LWR during
early growth stages and thereafter gradually declining
pattern throughout the growth period. The initial increase
m LWR in bambara groundnuts is related to high leaf
production during the early growth stages and this
continues up to appoint where leaf production declines.
The other plant organs such as roots are further
developed and this increases the overall total dry matter
of the whole plant resulting in declining LWR of the
bambara crop. The rice plant on the other hand has a
balance of dry matter allocation between the roots and the
leaves resulting in a steady LWR when intercropped
(Figure 8). But when its sole cropped, this balance is lost
and the total plant dry weight increases at the expense of
the leaves. Therefore a sharp decrease in LWR at later
stages of might be due to sharp mcrease of total dry
matter but directed towards reproductive structures.
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