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ABSTRACT 

Intercropping is the growing of two or more crop species at the same time and in the same field.
Sweetpotato [Ipomoea batatas (L.) Lam.] is receiving new attention as a life-saving food crop in developing
countries. Jugo bean [Vigna subterranea (L.) Verdc.] is a leguminous species similar to peanut (Arachis
hypogaea L.). Though leguminous crops have been associated with sweetpotato under intercropping systems,
it is not known what effects different jugo bean populations could have under intercropping with a fixed
population of sweetpotato. The objective of this experiment was to assess the effects of jugo bean plant
population on physiological growth indices and crop yields under intercropping. 

Key words: Absolute growth rate; bambara groundnut; crop growth rate; crop yields;  cropping system; growth
indices; jugo bean, land equivalent ratio; leaf area ratio; net assimilation rate; relative growth rate;
specific leaf area; specific leaf mass; sweetpotato.

The experiment was conducted in Swaziland
during the 2009/2010 cropping season. The
experimental design was a randomized complete
block design of five plant population treatments, each
replicated four times. The treatments (T) were: T1,
sweetpotato only at 33,333 plants/ha; T2, jugo bean
only at 66,666 plants/ha; T3, sweetpotato (33,333
plants/ha) intercropped with jugo bean (66,666
plants/ha); T4, sweetpotato (33,333 plants/ha)
intercropped with jugo bean (133,333 plants/ha), and
T5, sweetpotato (33,333 plants/ha) intercropped with
jugo bean (33,333 plants/ha).  Results showed that in
sweetpotato, leaf area (LA) was positively, but not
significantly, correlated to yield of marketable tubers
(r = 0.17; (R2 = 0.0289); n = 16), an indication that
2.9% increase in yield of marketable tubers could be
ascribed to increased LA. All cropping systems

attained maximum sweetpotato crop growth rate,
CGR (11.71-14.08 mg/cm2/week) at 8-12 weeks after
planting (WAP), but significant differences occurred
only at 16-20 WAP. CGR was positively, but not
significantly correlated (r = 0.113; R2 = 0.0128; n =
16) to the number of tubers/plant. Total tuber yields
were significantly (p < 0.05) higher in monocropped
sweetpotato (42.89 tonnes/ha) and lowest (31.78 t/ha)
when sweetpotato was intercropped with jugo bean at
133,333 plants/ha. The number of tubers/plant was
positively but not significantly correlated to the yield
of marketable tubers (r = 0.195; R2 = 0.038; n = 16);
the coefficient of determination showed that 3.8%
increase in the numbers of tubers/plant was
associated with increased yield of marketable tubers.
Sole jugo bean had a significantly (p < 0.05) higher
CGR (4.71 mg/cm2/wk) at 16-20 WAP. The CGR
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was positively and significantly (p < 0.01) correlated
with pod fresh mass at harvest (r = 0.831; R2 =
0.6906; n = 16), indicating that 69.1% increase in
pod mass could be ascribed to CGR. Sole jugo bean
had significantly (p < 0.05) higher relative growth
rate, RGR (mean, 0.24 g/week) than intercropped
jugo bean (mean, 0.10-0,14 g/week). Correlation data
showed a positive but not significant relationship
between RGR and net assimilation rate, NAR (r =
0.021; n = 16) at 20 WAP in jugo brean. The
coefficient of determination (R2 = 0.0004) implied
that only 0.04% increase in NAR was associated
with increased RGR. LA was positively and
significantly (p < 0.01) correlated with pod fresh
mass (r = 0.951; R2 = 0.9044), implying that 90.4%
increase in pod fresh mass was associated with
increase in LA. Land equivalent ratio was highest
(84.78%) when sweetpotato was intercropped with
jugo bean at 66,666 plants/ha, and lowest (74.10%)
under intercropping with 133,333 plants/ha of jugo
bean. It can be concluded that plant growth and yield
depended on plant density; intercropping produced no
pod yield in jugo bean but improved total
sweetpotato yield. Farmers should not intercrop jugo
bean and sweetpotato.

Introduction

Intercropping is the cultivation of two or more
crops at the same time in the same field [1], and is
one way to increase the diversity of farming systems.
One advantage of intercropping is that the increased
crop diversity helps to protect crops from insect
pests, and if done well, may allow for more efficient
use of limited soil and water resources [2]. Another
advantage of intercropping is improved crop yields.
When two or more crops with different rooting
systems, a different pattern of water and nutrient
demand, and a different aboveground habit are
planted together, water, nutrients and sunlight are
used more efficiently. Therefore, the combined yields
of two crops grown as intercrops can be higher than
the yield of the same crops grown as pure stand.
Sweetpotato [Ipomoea batatas (L.) Lam.] often
misunderstood and underrated, is receiving new
attention as a life-saving food crop in developing
countries. More than 95% of the global sweetpotato
crop is grown in developing countries, where it is the
fifth most important food crop [3]. Sweetpotato is a
major storage root crop commonly grown in
Swaziland. It is a short-season crop, which reliably
provides food on marginal and degraded soils, with
little labour and few or no inputs from outside the
farm [4]. Though usually planted as a monocrop,
sweetpotato can also be intercropped with groundnut
(Arachis hypogaea L.), field bean (Phaseolus vulgaris
L.) or any other crop that a small-scale farmer
considers important to the family.

Jugo bean [Vigna subterranea (L.) Verdc.], also
known as bambara groundnut, and ‘tindlubu’ in
siSwati, is indigenous to West Africa, but is now
grown widely as a crop in the tropical regions of
Africa [5]. It was reported [6] that bambara
groundnut  is a popular crop in sub-Saharan Africa.
In most rural areas of Swaziland, tindlubu is planted
on virgin or fallow soils, which have a lower weed
population compared to cultivated fields. Its
cultivation seems to have preceded the introduction
of the common groundnut (Arachis hypogaea L.).  In
some traditional farming systems, tindlubu is
intercropped with cereals. Bambara groundnut is
similar to groundnut in that the flowers curl down
into the ground so that the pods develop and mature
underground. Otherwise, the two plants are quite
different in appearance, and belong to different
genera of the same Fabaceae family. Jugo bean is
regarded as being vastly under-estimated and
undeveloped as a crop plant; it has the advantage of
being reasonably productive even under extreme
adverse conditions such as drought and poor soil [5].
Sweetpotato has been grown in Swaziland for a long
time, but its significance has not gone beyond its
subsistence use. Although sweetpotato is consumed
by almost every Swazi, cultivation has been restricted
to insignificant portions of family land. Most
literature has always referred to sweetpotato as “a
women’s crop” because it does not require much
energy input to grow the crop. However, the
importance of sweetpotato as a food security crop
has been  realized as a result of changes in the
physical and socio-economic environments during the
early 1990s [7].
A survey showed that insect pest damage was a
major production constraint in sweetpotato production
in Swaziland [8]. Farmers perceived insect pests as
a major production constraint. Farmers in Swaziland
obtain their vines from other farmers for planting [8],
which might lead to crop disease spreading. Farmers
and researchers [9] have intercropped sweetpotato
with maize (Zea mays L.). Imports of improved
cultivars of sweetpotato and potato (Solanum
tuberosum L.) from international research institutes
broaden the spectrum of planting material for
incorporation into evaluation [10].

Growth analysis is the procedure of expressing
plant growth parameters as the algebraic product of
a series of factors. Among the important growth
indices are leaf area ratio (LAR); specific leaf area
(SLA); specific leaf mass (SLM); relative growth rate
(RGR); crop growth rate (CGR); net assimilation rate
(NAR); and absolute growth rate (AGR). Though
leguminous crops have been associated with
sweetpotato in intercropping systems, there are no
quantifiable data to show the effects of different jugo
bean plant population on a fixed population of
sweetpotato when the plants are intercropped.
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Therefore, the objective of the experiment was to
evaluate the effects of jugo bean plant population on
growth indices and crop yields in jugo bean-
sweetpotato association.

Materials and methods

Site and experimental design

The field experiment was conducted in Malkerns
Research Station, Malkerns, which is in the
Middleveld agro-ecological zone of Swaziland, at
26.34oS, 31.10oE; it is 740 m above sea level.
Malkerns has a rainfall range of 800-1460 mm and
a mean temperature range of 7.3oC-26.6oC during the
cropping season. The experiment was conducted
during the 2009/2010 cropping season, from
November 2009 to April 2010. The experimental
design was a randomized complete block design,
with 5 treatments, each replicated four times. The
treatments (T) were: T1, sweetpotato only at 33,333
plants/ha; T2, jugo bean only at 66,666 plants/ha; T3,
sweetpotato (33,333 plants/ha) intercropped with jugo
bean (66,666 plants/ha); T4, sweetpotato (33,333
plants/ha) intercropped with jugo bean (133,333
plants/ha), and T5, sweetpotato (33,333 plants/ha)
intercropped with jugo bean (33,333 plants/ha).

Land preparation, liming, and planting

The land was prepared using a tractor-mounted
moldboard plow, followed by disc harrowing, after
which 1.0-m ridges were constructed using a tractor-
mounted disc ridger. Before marking out the plots, a
composite soil sample of the experiment site was
taken (15-cm depth) for soil analysis. Each plot
measured 5.4 m x 6.0 m, with 7 ridges. Each plot
and each replicate were separated from contiguous
plots by a 100-cm space. 

Before planting, and following laboratory test
recommendations of Malkerns Research Station Soil
Science Department, dolomitic lime (CaMgCO3) was
broadcast and mixed on the ridges, using spades and
garden forks. Thereafter, re-construction of the ridges
with spades and hoes was done to maintain the
required ridge size and shape. Vines of sweetpotato
(variety, ‘Kenya’) and seeds of jugo bean (‘UNISWA
Red’) were both obtained from Malkerns Research
Station, and planted on 7 November 2009, on top of
ridges, which were 1.0 m apart. To ensure good
establishment of the crop, gap-filling of non-sprouted
vines and non-emerged seeds was done during the
first 2 weeks after planting (WAP).

Weeding and Fertilizer application

Weeding was done manually, using a hand hoe,
at 4 and 8 weeks after planting (WAP) in all plots.

In addition, monocropped jugo bean plots were also
weeded at 12 WAP. After weeding, ridge re-molding
and earthing-up were done, to ensure that all plants
had sufficient soil around them for tuber and peg
formation. At planting, 350 kg/ha of mixed fertilizer,
N:P:K, 2-3-2 (38) that also contained 0.5% Zinc, was
applied to all plots; 50 kg/ha of single
superphosphate was also applied to all plots, except
in monocropped jugo bean. At 6 WAP, side dressing
with 10 parts of urea (45%N) and 50 parts of
muriate of potash (KCl, 50% K) was applied at a
rate of 120 kg/ha [11], except where jugo bean only
was grown. In all cases, the method of fertilizer
application was the banding and incorporation
method [4].

Data collection, sampling method 

Data were collected every 4 weeks, starting at 4
and ending at 20 WAP. The sample size for growth
indices was 5 plants per plot. A destructive sampling
method was used, whereby measurements were taken
after the plants were removed from the plots [12].
Data were collected from Rows 2, 4 and 6 from the
right side of the plot; rows 1, 3, 5 and 7 were
discard rows from which no sampling was done. One
row per plot was reserved for yield determination for
each crop at harvest. 

Data were taken for the respective growth
parameters for each crop species. The LA was
determined using the cork-borer method [11]. Using
this method, 50 leaf discs were punch from leaves of
the same plot using a cork borer that had a diameter
of 1.1 cm. The petioles and all the aboveground parts
were removed from the leaves after sampling and
before taking the leaf mass [12]. The leaf area was
calculated using the following formula [12, 13]:

    Area of 50 leaf discs (cm2) x
    Leaf dry mass (g) of plants used

Leaf area = ))))))))))))))))))))))))))
     Dry mass of 50 leaf discs (g).         

LAI was computed after calculating LA, by using the
relationship: 

Leaf area (cm2)
Leaf area index = ))))))))))))))))))))))))

 Ground area spacing (cm2) x
 number of plants sampled.

Leaf area ratio (LAR) was derived from the leaf
area measurements by dividing the leaf area by the
total dry matter of the aboveground portion [12, 13].

Specific leaf mass (SLM) was calculated by
dividing the dry mass of leaves (g) by the leaf area
(cm2), taken from 5 plants/plot on each sampling
date; it is the reciprocal of specific leaf area [12,
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13]:

    Dry mass, of leaves (g)
Specific leaf mass = ))))))))))))))))))))))

Leaf area (cm2).

The following formula [14] was used to determine
relative growth rate (RGR):

ln M2-ln M1

RGR = ))))))))))
   T2-T1,  

where M1 represented the leaf dry mass of  the
previous sampling; M2 represents the current dry
mass. The corresponding time of sampling was
represented by T1 and T2, respectively. The ‘ln’ in
the formula stands for natural log, which is used
when evaluating the RGR. 

Crop growth rate (CGR) was determined by
using the total dry mass of plants which were
sampled at the respective dates of sampling. The
formula [14] shown below was used to determine
CGR as: 

M2-M1  1
CGR = ))))) x )

T2-T1       P, 
   
where M1 and M2 represent previous mass and later
mass obtained, respectively. The corresponding time
of sampling was represented by T1 and T2,
respectively. The ‘P’ in the formula represents
ground area (inter-row spacing x intra-row spacing x
number of plants sampled). 

Land equivalent ratio (LER) was calculated
based on the relationship:
 

[Yield of SP in SP-jugo bean mixture] +
[Yield of jugo bean in SP-jugo bean
 mixture]

LER = ))))))))))))))))))))))))))))))))
[Yield of pure SP]
[Yield of pure jugo bean], 

where SP is the abbreviation for sweetpotato.
Yield data were expressed in two forms:

marketable sweetpotato tubers per hectare and total
mass of tubers. For jugo bean, yield was expressed
as mass of seeds/ha. Marketable tubers [15] were
those tubers that weighed between 100 g and 1.4 kg,
and free from harvest wounds and diseases. The
shelling percentage of jugo bean was determined by
the relationship [mass of seed divided by (mass of
pod + seed) before shelling]. Rainfall and air
temperature information were obtained from the
records of Malkerns Research Station [16]

Data analysis

Data were analyzed using MSTAT-C statistical
program, version 2.0 [17] and mean comparisons
were made using the F-protected least significant
difference for separation [18] at 5% level of
significance.

Results

Meteorological information

The distribution of rainfall and air temperature is
shown in Table 1. A total of 1,043 mm rainfall was
received during the investigation. February 2010
recorded the least (89.5 mm) amount of rainfall,
whereas January recorded the highest (280.8 mm).
The highest (28.2oC) and lowest (14.8oC) air
temperatures were experienced in February 2010 and
in November 2009, respectively.

Soil properties

Table 2 shows the results of analysis on which
fertilizer and lime recommendations were based at
the start of the experiment; the data indicate that
some elements (such as P and K) were available in
appreciable quantities in the soil. These results also
indicated that soil pH (4.9) was acidic.

Sweetpotato growth indices

Sweetpotato vine length 

The length of sweetpotato vines (Table 3) shows
that there was a significant (p < 0.05) difference in
vine length among cropping systems only at 12
WAP. The sweetpotato intercrop (sweetpotato + jugo
bean - 66,666 plants/ha) had the longest (148.85 cm)
vines per plant.  The correlation coefficient of vine
length (Table 4) with tuber yield was positive (r =
0.223; n = 16) at 20 WAP. The resultant coefficient
of determination (R2 = 0.0497), implied that 5.0% in
sweetpotato yield was associated with vine length.

Leaf area (LA) 

There was a steady increase in LA development
(Table 5) from 4 to 12 WAP in all cropping systems.
The largest mean LA (39390.8 cm2) in sweetpotato
was attained when sweetpotato was intercropped with
jugo bean at 66,666 plants/ha); the lowest mean LA
(25971.0 cm2) was recorded in sweetpotato
intercropped with jugo bean at 133,333 plants/ha. LA
was positively, but not significantly, correlated to
yield of marketable tubers (r = 0.17; n = 16). The
coefficient of determination (R2 = 0.0289) indicated 
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Table 1: Temperature and rainfall during the experiment.
Month and year Monthly air temperature (oC) Total rainfall (mm)

----------------------------------------------------------------
Maximum Minimum Mean

November 2009 23.8 14.8 19.3 269.0
December 2009 27.3 17.0 22.2 140.3
January 2010 26.4 16.8 21.6 280.8
February 2010 28.2 18.6 23.4 89.5
March 2010 26.4 17.7 22.1 94.4
April 2010 24.8 15.2 20.0 169.0
Totals 156.9 100.1 128.5 1043
Means 26.2 16.7 21.4 173.8
Source: [16].

Table 2: Soil analysis results and recommendations at the start of the experiment. 
Parameter Value
pH (H2O) 4.9
Exchangeable acidity (cmolc/kg) 0.9
P (kg/ha) 50.4
K (kg/ha) 36.4
cmolc Mg/kg 1.1
cmolc Ca/kg 0.46
Organic matter (%) 3.5

Table 3: Effects of jugo bean plant population on the vine length of sweetpotato vines at 4-20 weeks after planting.
Cropping system Weeks after planting and vine length (cm) Means

-----------------------------------------------------------------------------------
4 8 12 16 20

Sweetpotato at 33,333  plants/ha 39.9a 64.8a 140.1a 158.4a 161.9a 113
Sweetpotato + jugo bean at 37.1a 66.1a 148.9b 165.2a 162.6a 116
 66,666 plants/ha
Sweetpotato + jugo bean at 39.4a 63.1a 128.5a 152.4a 154.0a 107.5
133,333 plants/ha
Sweetpotato + jugo bean 40.1a 60.9a 142.0a 154.0a 158.5a 111.1
at 3,333 plants/ha
Means 39.1 63.7 139.8 157.5 159.2 111.9
Numbers followed by the same letters in the same column are not significant at p > 0.05.

Table 4: Correlation matrix for growth parameters in sweetpotato at 20 weeks after planting.
Growth Vine LA LAI LAR SLA SLM RGR CGR NAR AGR No. of Marketa
indices  length tubers/ ble

plant  tubers
LA 0.137
LAI 0.137 1.000****
LAR -0.23 0.527** 0.528**
SLA 0.473* 0.554 0.554** 0.147
SLM 0.356 -0.404 -0.404 -0.7 -0.1
RGR -0.18 0.367 -0.367 -0.6 0.04 0.236
CGR 0.06 -0.026 -0.03 -0.62 0.213 0.336 0.879***
NAR 0.339 -0.01 0 -0.56 0.308 0.526** 0.517** 0.663***
AGR 0.06 -0.026 -0.03 -0.62 0.213 0.335 0.879*** 0 0.663
No. of 0.477* 0.044 0.044 -0.19 0.232 0.289 0.02 0.113 0 0.114
tubers/plant
Marketable 0.09 0.17 0.171 -0.14 0.08 0.304 -0.338 -0.19 0.271 0.19 0.195
tubers
Total yield 0.223 0.331 0.331 0.09 -0.27 -0.218 -0.342 -0.148 -0.144 -0.15 -0.25 0.254

***, Significant at P < 0.01
**, Significant at P < 0.05
*, Significant at P < 0.10

that 2.9% increase in yield of marketable tubers
could be ascribed to an increase in LA.

Specific leaf mass (SLM)

In general, SLM increased from 4 to 8 WAP,
and then declined in all cropping systems (Table 6).
At 8 WAP, there was a significant (p < 0.05)
difference in SLM among the cropping systems. The
sole sweetpotato (33,333 plants/ha) had the highest
SLM (6.81 mg/cm2). SLM was positively but not
significantly correlated (r = 0.304; R2 = 0.092; n =
16) with marketable tuber yield; the coefficient of

determination implied that 9.2% increase in
marketable tuber yield could be ascribed to increased
SLM.

Relative growth rate (RGR) 

Table 7 shows sweetpotato RGR at 4-20 WAP.
Significant (p < 0.05) differences were observed at 8-
12 WAP and 16 WAP. Sole sweetpotato had
significantly (p < 0.05) lower RGR (0.30 g/week) at
16-20 WAP. There was a positive but not significant
correlation (r = 0.02; n = 16) between RGR and the
number of tubers/plant at 20 WAP. The coefficient 
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Table 5: Sweetpotato leaf area at 4-20 weeks after planting.
Cropping system Weeks after planting and leaf area (cm2) Means

-----------------------------------------------------------------------------------------
4 8 12 16 20

Sweetpotato at 33,333  plants/ha 3697.4a 13392.8a 44451.0a 56422.9a 59248.2b 35442.5
Sweetpotato + jugo bean 2647.4a 20851.4a 54410.4b 55470.1a 63574.9b 39390.8
at 66,666 plants/ha 
Sweetpotato + jugo bean 2400.1a 10686.1a 31945.3a 41465.6a 43357.7a 25971.0
at 133,333 plants/ha 
Sweetpotato + jugo bean 2406.4a 19864.5a 52246.3b 56022.8a 58914.8b 37890.9
at 33,333 plants/ha
Means 2787.8 16198.7 45763.2 52345.3 56273.9 34673.8
Numbers followed by the same letters in the same column are not significant at p > 0.05.

Table 6:  Specific leaf mass of sweetpotato from 4 to 20 weeks after planting.
Cropping system Weeks after planting and specific leaf mass (mg/cm2) Means 

---------------------------------------------------------------------------------------------
4 8 12 16 20

Sweetpotato at 33,333  plants/ha 5.34a 6.81b 5.26a 5.32a 4.53a 5.45
Sweetpotato + jugo bean 4.07a 5.24a 5.25a 4.79a 4.77a 4.82
at 66,666 plants/ha
Sweetpotato + jugo bean 5.10a 6.54a 5.78a 5.36a 4.55a 5.47
at 133,333 plants/ha
Sweetpotato + jugo bean 4.512a 4.65a 4.48a 4.65a 3.99a 4.6
at 33,333 plants/ha
Means 4.76 5.99 5.19 5.03 4.46 4.06
Numbers followed by the same letters in the same column are not significant at p > 0.05.

Table 7: Sweetpotato relative growth rate (g/week) from 4-20 weeks after planting.
Cropping system Weeks after planting  and relative growth rate (g/week) Means

---------------------------------------------------------------------------------------------
4-8 8-12 12-16 16-20

Sweetpotato - 33,333 0.03a 0.09a 0.41a 0.30a 0.17
 plants/ha
Sweetpotato + jugo bean 0.05a 0.05a 0.37a 0.48a 0.19
- 66,666 plants/ha
Sweetpotato + jugo bean 0.07a 0.1a 0.36a 0.40a 0.19
at 133,333 plants/ha
Sweetpotato + jugo bean 0.07a 0.04a 0.33a 0.52a 0.19
at 33,333 plants/ha
Means 0.06 0.07 0.38 0.44 0.18
Numbers followed by the same letters in the same column are not significant at p > 0.05.

of determination (R2 = 0.0004) indicated that a 0.04%
increase in the numbers of tubers/plant could be
ascribed to RGR.

Crop growth rate (CGR)

CGR increased between 8 and 12 WAP planting
(Table 8), but between 12 and 16 WAP, it declined
until week 20 WAP. There was a significant (p <
0.05) difference in CGR only at 16-20 WAP.
Intercropped sweetpotato (sweetpotato + jugo bean at
133,333 plants/ha) recorded the highest (15.92
g/cm2/week) CGR at 12-16 WAP. The lowest CGR
(5.24 g/cm2/week) was attained at 16-20 WAP in
monocropped sweetpotato. CGR was positively, but
not significantly correlated (r = 0.113; R2 = 0.0128;
n = 16) to the number of tubers/plant. The
coefficient of determination indicated that only 1.3%
increase in the increased number of tubers could be
associated with CGR.

Number of marketable tubers per plant

As shown in Table 9, there were no marketable

tubers at 4 and 8 WAP. Tuber formation started after
8 WAP. There was a significant (p < 0.05) difference
in the number of marketable tubers/plant among the
cropping systems from 12 to 20 WAP.

Sole sweetpotato had a significantly (p < 0.05)
lower number (2.2 tubers/plant) of marketable
tubers/plant at 20 WAP. Correlation data showed that
the number of tubers/plant was positively but not
significantly associated with the yield of marketable
tubers (r = 0.195; R2 = 0.038), indicating that 3.8%
increase in yield of marketable tubers could be
ascribed to the number of tubers/plant.

Sweetpotato tuber yields

Total tuber yields (Table 10) were significantly
(p < 0.05) higher in monocropped sweetpotato (42.89
tonnes/ha) and lowest (31.78 t/ha) when sweetpotato
was intercropped with jugo bean at 133,333
plants/ha. There were no significant (p < 0.05)
differences among the fresh mass of marketable
sweetpotato tubers in the different cropping systems. 
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Table 8: Sweetpotato crop growth rate from 8 to 20 weeks after planting.
Cropping system Weeks after planting and crop growth rate (mg/cm2/wk) Means 

-------------------------------------------------------------------------------------------
4-8 8-12 12-16 16-20

Sweetpotato 7.81a 37.18a 17.68a 5.24a 13.58
 – 33,333  plants/ha
Sweetpotato + jugo bean 10.11a 34.79a 9.77a 9.98a 12.93
- 66,666 plants/ha
Sweetpotato + jugo bean 7.49a 26.46a 15.92a 8.69a 11.71
 at 133,333 plants/ha
Sweetpotato + jugo bean 11.80a 34.65a 8.05a 15.88b 14.08
at 33,333 plants/ha 
Means 9.3 33.27 12.85 9.95 13.08
Numbers followed by the same letters in the same column are not significant at p > 0.05.

Table 9: Number of marketable tubers/plant from 4 to 20 weeks after planting. 
Cropping system Weeks after planting and number of tubers/plant Means

-----------------------------------------------------------------------------------------------------------------
4 8 12 16 20

Sole sweetpotato 0 0 1.95b 2.60a 2.20a 1.35
-33,333 plants/ha
Sweetpotato + jugo 0 0 1.80a 3.15b 3.35b 1.66
 bean - 66,666
plants/ha
Sweetpotato + jugo 0 0 1.25a 2.55a 3.15b 1.39
 bean at 133,333
plants/ha
Sweetpotato + jugo 0 0 1.30a 2.90a 2.65a 1.37
 bean at 33,333
plants/ha
Means 0 0 1.58 2.8 2.84 1.44
Numbers followed by the same letters in the same column are not significant at p > 0.05.

Table 10: Sweetpotato tuber yields (tonnes/ha) at 20 weeks after planting.
Cropping system Tuber yields (tonnes/ha)

------------------------------------------------------------------------------------------------
Marketable tubers Total tubers 

Sweetpotato  – 33,333 plants/ha 29.81a 42.89b
Sweetpotato + jugo bean - 66,666 plants/ha          30.74a 36.36 a
Sweetpotato + jugo bean at 133,333 plants/ha 30.32a 31.78a
Sweetpotato + jugo bean at 33,333 plants/ha 29.34a 33.48a
Mean 30.05 36.12
Numbers followed by the same letters in the same column are not significant at p > 0.05.

The sweetpotato intercrop with jugo bean at 66,666
plants/ha) had the highest (30.74 tonnes/ha) yield of
marketable tubers, whereas the sweetpotato grown
with jugo bean at 33,333 plants/ha) had the lowest
marketable yield (29.34 tonnes/ha) of sweetpotato,
followed by the sole sweetpotato (29.81 tonnes/ha). 

Jugo bean growth indices

Jugo bean plant height

Table 11 and shows a general increase in plant
height from 4 to 12 WAP, but significant differences
were found only at 16 WAP, when sole jugo bean at
66,666 plants/ha was significantly shorter (31.35 cm)
than jugo bean intercropped (29.25 cm) at a
population of 33,333 plants/ha.

The correlation matrix (Table 12) shows that
plant height was negatively but not significantly
correlated (r = - 0.279; R2 = 0.078) to fresh mass of
pods, implying that 7.8% decrease in fresh mass of
pods could be associated with increase in plant
height.

LA and LAI

Table 13 shows that there were significant (p <
0.05) differences in LA among cropping systems at
8-20 WAP. Generally, the intercropped jugo bean
had lower LAs at 8-20 WAP. At 20 WAP, the sole
jugo bean had significantly (p < 0.01) higher LA
(15584.6 cm2) than the entire intercropped jugo bean. 
As shown in Table 12, LA was positively and
significantly (p < 0.01) correlated with pod fresh
mass (r = 0.951; R2 = 0.9044), implying that 90.4%
increase in pod fresh mass could be ascribed to
increased LA.

The intercrop (sweetpotato + jugo bean at
133,333 plants/ha) had significantly (p < 0.05) lower
(2.89) LAI at 20 WAP. Sweetpotato grown in
association with jugo bean (sweetpotato + jugo bean
at 66,666 plants/ha) and the other intercrop
(sweetpotato + jugo bean at 33,333 plants/ha) had the
same LAI (4.24) at 20 WAP. The LAI was positively
and significantly (p < 0.05) correlated with LAR (r
= 0.528; R2 = 0.2788) and SLA (r = 0.554; R2 =
0.3069).
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Table 11: Plant height of jugo bean at 4-20 weeks after planting. 
Cropping system Weeks after planting and plant height (cm) Means

--------------------------------------------------------------------------------------------------------------------
4 8 12 16 20

Pure jugo bean 16.98a 17.86a 28.55a 31.35b 34.22a 25.79
at 66,666
 plants/ha
Sweetpotato + jugo 17.05a 19.73a 27.05a 30.15ab 33.56a 25.31
 bean at 66,666
 plants/ha
Sweetpotato + jugo 17.31a 19.50a 28.35a 29.25a 38.41a 26.56
 bean at 133,333
 plants/ha
Sweetpotato + jugo 15.96a 19.21a 25.20a 29.25a 38.02a 25.53
 bean at 33,333
 plants/ha
Means 16.83 18.83 27.29 30 36.05 25.8
Numbers followed by the same letters in the same column are not significant at p > 0.05.

Table 12: Relationships among growth indices of jugo bean at 20 weeks after planting
Growth indices Plant height LA LAI SLM RGR CGR NAR
LA -0.223
LAI -0.264 0.937***
SLM -0.133 0.454* 0.510*
RGR -0.222 0.328 0.331 0.492*
CGR -0.211 0.953*** 0.898*** 0.482* 0.546**
NAR -0.09 -0.272 -0.155 -0.274 0.021 -0.231
Fresh pod mass -0.279 0.951*** 0.903*** 0.446* 0.171 0.831*** -0.218
at harvest
*, Significant at p < 0.10;  **, Significant at p < 0.05; ***, Significant at p < 0.01

Table 13: Leaf area of jugo bean at 4-20 weeks after planting.
Cropping system Weeks after planting and leaf area (cm2) Means

------------------------------------------------------------------------------------------------------------------
4 8 12 16 20

Pure jugo bean 32.44a 1229.51a 6813.68b 9325.0b 15584.58b 6597.05
 at 66,666
 plants/ha
Sweetpotato + jugo 37.45a 715.83a 1251.52a 1440.45a 1838.66a 1056.78
bean at 66,666
plants/ha
Sweetpotato + jugo 36.44a 922.68a 1445.34a 1448.37a 1676.95a 1105.96
 bean at 133,333
plants/ha
Sweetpotato + jugo 30.87a 648.52a 970.46a 1366.20a 2214.75a 1046.16
 bean at 33,333
plants/ha
Means 34.3 879.14 2620.25 3395.02 5328.74 2451.49
Numbers followed by the same letters in the same column are not significant at p > 0.05.

Specific leaf mass (SLM)

As shown in Table 14, jugo bean in all cropping
systems had high SLM values (59.57-140.09 mg/cm2)
at 4 WAP, but all declined in values at 8 WAP,
from which time, SLM values never increased to
reach the early growth stages. Significant (p < 0.05)
differences in SLM were detected only at 8 and 16
WAP. The correlation coefficient of SLM with fresh
mass of pods was positive and significant (p < 0.05,
r = 0.446). The resultant coefficient of determination
(R2 = 0.1989) indicated that about 20% increase in
fresh mass of pods could be associated with an
increase in SLM.

Relative growth rate (RGR)

Table 15 shows that significant (p < 0.05)

differences were observed in RGR at 4-8, 8-12 and
16-20 WAP.  Except between 12 and 16 WAP, the
sole jugo bean generally had a significantly (p <
0.05) higher RGR (mean, 0.24 g/week) than
intercropped jugo bean (mean, 0.10-0.14 g/week).
Correlation data showed that there was a positive but
not significant relationship between RGR and NAR
(r = 0.021; n = 16) at 20 WAP. 

The coefficient of determination (R2 = 0.0004)
implied that only 0.04% increase in NAR was
associated with increased RGR.

Crop growth rate

There was a significant (p < 0.05) difference in
CGR among the cropping systems from 4 to 20
WAP (Table 16). Generally, the sole jugo bean had
higher CGR (mean, 2.97 mg/cm2/wk) than the jugo 
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Table 14. Specific leaf mass for jugo bean at 4-20 weeks after planting.
Cropping system Weeks after planting and specific leaf mass (mg/cm2) Means

--------------------------------------------------------------------------------------------------------------------
4 8 12 16 20

Pure jugo bean 140.09a 7.96a 6.32a 8.89b 7.34a 34.12
 at 66,666 plants/ha
Sweetpotato + jugo 59.57a 9.16b 11.43a 6.50a 5.59a 18.45
bean at 66,666
plants/ha
Sweetpotato + jugo 78.52a 5.45a 5.54a 7.10a 4.50a 20.22
 bean at 133,333
plants/ha
Sweetpotato + jugo 92.19  a 5.45a 7.79 a 5.57a 6.59a 23.52
 bean at 33,333
plants/ha
Mean 92.59 7.01 7.77 7.02 6.01 24.08
Numbers followed by the same letters in the same column are not significant at p > 0.05.

Table 15. Relative growth rate of jugo bean at 4-20 weeks after planting.
Cropping system Weeks after planting and relative growth rate (g/week) Means

-------------------------------------------------------------------------------------------
4-8 8-12 12-16 16-20

Pure jugo bean 0.29b 0.42b 0.11a 0.12b 0.24
 at 66,666 plants/ha
Sweetpotato + jugo 0.24a 0.13a 0.08a 0.11b 0.14
 bean at 66,666 plants/ha
Sweetpotato + jugo bean 0.12a 0.14a 0.10a 0.02a 0.1
at 133,333 plants/ha
Sweetpotato + jugo 0.06a 0.19a 0.06a 0.09a 0.1
 bean at33,333 plants/ha
Means 0.18 0.22 0.09 0.09 0.14
Numbers followed by the same letters in the same column are not significant at p > 0.05.

Table 16. Crop growth rate of jugo bean at 4-20 WAP.
Cropping system Weeks after planting and crop growth rate (mg/cm2/wk) Means

-------------------------------------------------------------------------------------------
4-8 8-12 12-16 16-20

Sole jugo bean 0.72b 3.62b 2.84b 4.71b 2.97
at 66,666 plants/ha
Sweetpotato + jugo bean 0.39a 0.47 a 0.35a 0.64a 0.46
at 66,666 plants/ha
Sweetpotato + jugo bean  0.22a 0.34a 0.41a 0.04a 0.25
at 133,333 plants/ha
Sweetpotato + jugo bean  0.10a 0.56a 0.18a 0.62a 0.37
at 33,333 plants/ha
Means 0.36 1.23 0.95 1.5 1.01
Numbers followed by the same letters in the same column are not significant at p > 0.05.

bean intercrops (mean, 0.25-0.46 mg/cm2/wk). CGR
was positively and significantly (p < 0.01) correlated
(Table 12) with fresh mass of pods at harvest (r =
0.831; R2 = 0.6906; n = 16). The coefficient of
determination, R2, showed that 69.1% of pod fresh
mass could be attributed to CGR.

Number of pods/plant at 4-20 WAP

Table 17 shows the number of pods per plant at
4-20 WAP. There was no pod formation at 4-12
WAP in all cropping systems. Only monocropped
jugo bean formed pods (mean, 24.1 pods/plant) at
16-20 WAP.

Pod yield at harvest

Table 18 shows the jugo bean pod yield
(tonnes/ha) at harvest. Fig. 1 shows monocropped

jugo bean with pods, whereas jugo bean intercropped
with sweetpotato developed no pods (Figs. 2-4). 

100-pod dry mass and shelling percentage

Table 19 shows the 100-pod dry mass of jugo
bean at harvest. There were no pods observed in the
intercrops at harvest. Only sole jugo bean had pods
by harvest time. The shelling percentage was 62.4%. 

Land equivalent ratio (LER)

The LER (Table 19) was highest (84.78%) in the
sweetpotato intercrop (sweetpotato + jugo bean at
66,666 plants/ha), followed by the cropping system
in which sweetpotato was intercropped with jugo
bean at 33,333 plants/ha (LER, 78.06%), and lowest
(LER, 74.10%) when sweetpotato was intercropped
with jugo bean at 133,333 plants/ha.
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Table 17: Number of pods per plant at 4-20 weeks after planting.
Cropping system Weeks after planting and number of popds/plant Mean

-----------------------------------------------------------------------
4 8 12 16 20 23

Pure jugo bean at 66,666 plants/ha 0 0 0 21.1 61.7 61.8 24.09
Sweetpotato + jugo bean at 66,666 plants/ha 0 0 0 0 0 0 0
Sweetpotato + jugo bean at 133,333 plants/ha 0 0 0 0 0 0 0
Sweetpotato + jugo bean at 33,333 plants/ha 0 0 0 0 0 0 0
Mean 0 0 0 5.28 15.4 15.45 6.02

Table 18: Jugo bean pod yield (tonnes/ha) at harvest
Cropping system Jugo bean pod yield at harvest (tonnes/ha)
Pure jugo bean  – 66,666 plants/ha 2.29
Sweetpotato + jugo bean - 66,666 plants/ha 0
Sweetpotato + jugo bean at 133,333 plants/ha 0
Sweetpotato + jugo bean at 33,333 plants/ha                                 

0
Mean 0.57

Table 19. Dry mass of 100 pods per cropping system.
Cropping system 100-pod dry mass (g) Land equivalent ratio
Pure jugo bean at 66,666 plants/ha 47.9b Not applicable
Sweetpotato + jugo bean at 66,666 plants/ha 0a 0.85
Sweetpotato + jugo bean at 133,333 plants/ha 0a 0.74
Sweetpotato + jugo bean at 33,333 plants/ha 0a .78
Mean 11.98 0.79
Numbers followed by the same letters in the same column are not significant at p > 0.05.

Fig. 1: Sole jugo bean plant with pods at harvest.

Fig. 2: No pod formation in jugo bean planted at 66,666 plants/ha and intercropped with sweetpotato.

Discussion

Meteorological information: Rainfall is the major
limiting factor in the growth and production of crops
worldwide [19], and more specially in Swaziland,

where drought has had devastating effects in
agriculture for over 10 years. Adequate moisture is
critical for plants, especially during germination and
fruit development. Many countries have constructed
irrigation systems to pump water from rivers, lakes, 
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Fig. 3: No pod formation development in jugo bean planted at 33,333 plants/ha) and intercropped with
sweetpotato.

Fig. 4: No pod development in jugo bean grown at 133,333 plants/ha and intercropped with sweetpotato.

and aquifers. Stressing the importance of rain, [20]
reported that planting sweetpotato with the onset of
rains in October led to the highest yields in Sri
Lanka.

Soil properties

Soil acidity is the major problem in most
agricultural soils especially in the Middleved and
Highveld of Swaziland (Dr. G.N. Shongwe,
University of Swaziland, personal communication,
August 2009). The recommended rate of agricultural
lime that farmers should use in the Highveld and
Middleved ecological zones of Swaziland is 1-2
tonnes/ha of dolomitic lime every 3-4 years (Dr.
G.N. Shongwe, University of Swaziland, personal
communication, August 2009). Lime application is
important because lime can improve the soil pH,
making nutrient elements more available to plants
[21].

Sweetpotato vine length 

The lower vine length observed in the intercrop
(sweetpotato + jugo bean at 133,333 plants/ha) was
probably because of high inter-species competition

for soil nutrients and light that the jugo bean and
sweetpotato plants experienced. [22] reported no
consistent trend in sweetpotato vine length.

LA and LAI

That intercropped sweetpotato (sweetpotato +
jugo bean at 66,666 plants/ha) had significantly (p <
0.05) higher LA than the other cropping systems
could be due to the effects of grain legumes when
grown in association with other crops. Variations in
the total LA of a plant depend on changes in the
number of leaves and leaf size [23]. The higher LA
obtained from some intercrop might be due to the
fact that the sweetpotato could compete well with the
jugo bean and suppress it. Then, the sweetpotato
leaves were better exposed to sunlight, resulting in
higher LA development. In sweetpotato, the
development sequence that gives rise to change in
LA with time is much simpler than in cereals  [23].
The LAI in sweetpotato associated with jugo bean at
133,333 plants/ha was lower than in the monocrop
probably because of intense inter-species competition
for soil nutrients and light from the jugo bean. For
most plants, LAI increases with age (up to the
beginning of senescence) and reaches a maximum of
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2.0 to 5.0 [24]. The optimum LAI of sweetpotato is
small compared with cereals  [23]. In an
investigation involving intercropping of sweetpotato
and groundnut, [25] reported that the lower LAI in
sweetpotato intercropped with groundnut at 200,000
plants/ha could have been due to intense inter-species
competition for light and soil nutrients.

Specific leaf mass (SLM)

Though few studies have been reported on SLM
of intercropped sweetpotato [26] reported that SLM
increased with increased carbon dioxide
concentration, and that the number and diameter of
tubers increased at high carbon dioxide concentration.
[27] reported that the SLM of sweetpotato
intercropped with groundnut increased from 4 to 8
WAP and then declined in all plant populations,
except in pure sweetpotato at 33,333 plants/ha that
kept increasing. 

Relative growth rate (RGR)

RGR is the rate of increase in dry mass per unit
of dry mass already assimilated into the plant [23].
RGR means the change in relative growth over time
[28]. Contrary to the results obtained in this
experiment, [29] recorded a general decline in RGR
of sweetpotato grown in association with groundnut,
as the cropping season progressed.

Crop growth rate (CGR)

CGR measures the efficiency of production of a
total field of plants over a given soil area [28].
When the NAR (productivity of each plant) decreases
(probably due to increased plant-plant shading), the
CGR (productivity of the entire crop over a given
area of soil) increases [28]. The crop growth rate is
simply the rate at which the dry mass of the whole
plant increases [23]. Therefore, the rate at which the
plant dry mass was increasing was faster between 8
and 12 WAP.

Number of marketable tubers per plant

Our results agreed with an earlier report on
groundnut intercropping with sweetpotato [30] that
the number of marketable tubers per plant was not
significantly reduced. However, in the present
experiment the number of marketable tubers per plant
was significantly reduced when sweetpotato was
intercropped with jugo bean at 33,333 plants/ha. No
significant differences in the number of sweetpotato
tubers/plant were observed in an earlier intercropping
investigation [31]. 

Sweetpotato tuber yields

Research trials have shown that 20-40 tonnes per
hectare of marketable sweetpotato tubers are
achievable, depending on variety and management
[32]. If left too long in the field, the tubers can
become oversize, attacked by weevils, and could
become unmarketable. Lower marketable tubers
obtained in the intercrops in this experiment might
have been due to inter-species plant competition. It
was established [15] that in Swaziland, marketable
tubers were in the mass range of 100 g to 1.4 kg,
but [32] reported marketable grades of roots to be
between 25 g and 1.0 kg in Australia. In our
experiment, monocropped sweetpotato had lower
number of marketable tubers because, generally, each
tuber was large in size, and many were outside the
mass range desired by customers. 

An explanation for customers’ preference for
small-size tubers in Swaziland might suffice. In
Swazi cuisine, sweetpotato tubers are thoroughly
washed, and cooked whole and unpeeled. It appears
that it is to shorten cooking time that smaller-size
tubers are preferred in Swaziland. However, in the
Western Middle Belt ecological zone of Nigeria
(around Illorin town) where sweetpotato is a major
crop, large-size tubers are preferred; this is because
during food preparation, tubers are first cut into
desired cooking pieces, after which the pieces are
peeled and cooked. Interestingly, in the Rainforest
ecological zone of the south-eastern part of Nigeria,
where yams (Dioscorea spp.) and cassava (Manihot
spp.) are the major tuberous crops grown,
sweetpotato is not cultivated, but is a tolerated weed
in compound food gardens. During land preparation
for new gardens, sweetpotato tubers seen in the soil
are dug up and given to children to roast and eat;
adults take no interest in sweetpotato. 

Jugo bean plant height 

Plant height of bambara groundnut is usually
equal to or greater than 35 cm [6]. The taller plants
obtained in the jugo bean intercrops could have been
a consequence of inter-species competition between
sweetpotato and jugo bean, especially for water, light
and mineral nutrients. It was noted [33, 34] that
competition for light is asymmetric, such that taller
individuals increase their fitness by intercepting more
light. The main cause for such competition could be
that, the suppressed jugo bean plants were trying to
grow higher than, and away from sweetpotato, in
order to be better exposed to solar radiation for
enhanced photosynthesis. 

LA and LAI

Higher LA being observed in sole jugo bean
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could be because there was no inter-species plant
competition among monocropped plants. Our results
on the effects of plant competition on plant height
deviated from an earlier report [35] that increased
LA was observed with increased plant population.
Leaf area index is the ratio of total upper leaf
surface of vegetation divided by the surface area of
the land on which the vegetation grows. Leaf area
index is a dimensionless value [36]. The trend of
higher LAI in lower plant populations (sole jugo
bean) than in higher plant populations as observed in
this experiment could be as a result of higher leaf
area obtained in sole jugo bean. The higher leaf area
was achieved as a result of less competition for
sunlight, soil nutrients and water within the plants.
[12] reported that pure groundnut had significantly (p
< 0.05) higher LAI than groundnut intercropped with
sweetpotato at 16,667 plants/ha.

Relative growth rate (g/week)

RGR means the change in relative growth over
time [28]. The trend of higher RGR in lower plant
population (sole jugo bean) than in lower plant
populations as observed in the study could be due to
the exposure of the plants to sunlight and less
competition for soil nutrients and water. The RGR of
groundnut decreased as the cropping season
progressed, from 4 to 16 WAP, as observed in this
investigation.

Specific leaf mass (SLM)

SLM is the reciprocal of specific leaf area [12].
The trend in SLM in this experiment agreed with the
findings [27] that SLM of groundnut increased
between 4 and 8 WAP and thereafter, declined, as
also observed in this investigation.

Number of pods/plant

According to [6], the expected number of
pods/plant in jugo bean is 100; though this depends
on the variety/cultivar grown.  The results of this
investigation were in agreement with a previous
finding [37] that pod mass/plant, seed mass/plant and
number of pods/plant, seed yield were closely
correlated with each other, with the correlation
coefficient being positive.

Pod yield 

The pod-yield attained in this experiment was
consistent with previous findings [29], which showed
higher pod yields in pure crops, on account of no
inter-species competition, compared to lower yields
from intercrops that suffered from various degrees of
inter-species competition.  

100-pod dry mass and shelling percentage

The 100-pod dry mass obtained in this
experiment (47.9 g) was much less than the 85 g
reported [6].  The shelling percentage of 62.4% was
also lower than 68% obtained by [6]; [38] reported
a shelling percentage of 75% for monocropped jugo
bean. 

Land equivalent ratio (LER)

Land equivalent ratio (LER) is a useful concept
for comparison of the yield of intercropping with that
of a monocrop [39]. The LER data reported in this
jugo bean-sweetpotato investigation did not agree
with previous investigation (on groundnut) in which
intercropping resulted in considerably greater total
yield per hectare. 

Earlier LER [15] for intercropped sweetpotato
and groundnut ranged from a low of 1.19
(sweetpotato intercropped with groundnut planted at
33,333 plants/ha), to a high of 1.59 (sweetpotato
planted with groundnut at 66,667 plants/ha).  The
low LER (0.74-0.85) obtained in this experiment was
less than 1.0, indicating that intercropping with jugo
bean was a disadvantage [39]. The importance of
legume inoculation on nodule formation in legumes
was emphasized [40]. 

It is our view that the non-formation of pods in
intercropped jugo bean in this experiment was not a
result of the absence of the appropriate species of
Rhizobium bacteria. If there were no Rhizobium
bacteria in the soil, then there would have been no
pod formation in sole jugo bean. Jugo bean
inoculation is not a recommended agronomic practice
in jugo bean production in Swaziland. Pod formation
and earthing-up in jugo bean production have been
the subject of some debate [38]. Results of ridging
trials show an advantage, but the occurrence of
Sclerotium rolfsii can be increased with ridging.
Ridging of bambara is, however, practiced by farmers
throughout Africa [38], but in Swaziland, jugo bean
is most commonly planted on the flat, and when
pods start to form, earthing-up is done. Some farmers
consider this as reduced expenditure on land
preparation. 
  
Conclusion and recommendation

It is concluded that physiological growth indices
as well as crop yields  depended on cropping system
and jugo bean density. Since intercropping of jugo
bean with sweetpotato resulted in zero yields from
jugo bean, farmers are advised to not intercrop jugo
bean and sweetpotato.
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