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Abstract: Tree and annual crops in agroforestry systems compete for growth
resources. The objective ot this investigation was to partition the overall tree-crop
competition into above- and below-ground components in contour hedgerow
intercropping systems involving six tree species (Calliandra culothyrsus, Desniodiurm,
ransonii, Flemningia macrophylla, Gliricidia sepinm., Cassia spectabilis and Tithonia
diversifolia) and mung bean (Vigna radiata) grown at Pallekelle in the mid-country
intermediate zone (IM,) of Sri Lanka. Lateral extension of tree roots to the area
occupied by mung bean was prevented by cutting 1.5 m deep trenches at 25 cm from
hedgerows. Below-ground (voot) competition was estimated as the yield difference
between trenching (TR) and non-trenching (NTR) treatments. Above-ground
(shoot) competition was estimated as the yield difference between the yields of a
sole crvop control and TR. Mung bean yield reductions due to above-ground
competition was greater than those due to below-ground competition in all
hedgerow intercrops except that involving Gliricidia in which the two components
were approximately equal. Total competition (i.e. yield difference between control
and NTR) and above-ground competition was highest by Cussia¢ and lowest by
Gliricidia. In terms of absolute yield reductions, below-ground competition was
highest in Calliundra and lowest in Cassia. When computed as percentages of
total competition, the highest and lowest below-ground competition were shown by
Gliricidia and Cussiu vespectively. Variations between hedgevow species in biomass
production capacity, the amount of nutrients added to the soil through prunings
and the synchrony of their decomposition with periods of nutrient demand of
the crop could be possible reasons for the observed inter-species variation of
above- and bhelow-ground competition.

Keywords: Above-ground competition, below-ground competition, hedgerow
intercropping, mung bean, Vigna radiatu

INTRODUCTION

Contour hedgerow intercropping is a simultaneous agroforestry system! which has
been recommended to sustain annual crop yields in sloping lands of the central
highlands of Sri Lanka. It involves incorporation of fast-growing, coppiceable,
multi-purpose tree species as hedgerows along contours and growing annual crops
in the alleys inbetween. In a previous paper?, it was shown that there was
significant competition between the tree hedge and the annual crop for essential
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resources such as light, water and nutrients and that significant variation existed
between different hedgerow tree species in the degree of competition exerted. The
present study reports a continuation of the above work with the following ob-
Jectives: (a) To partition the overall tree-crop competition into above-ground
(shoot) and below-ground (root) competition; (b) To determine whether the de-
gree of overall competition exerted by different hedgerow species followed the
same pattern as in the previous experiment; and (c) To examine whether the
associated mung bean (Vigna radiata L. Wilczek) yields have been sustained in the
second season.

MATERIALS AND METHODS

' Experimental location: The experiment was conducted from June to October, 1998
at Kundasale (367 m above sea level) in Sri Lanka (7-8N & 80-81°E). The location
had a distinctly bi-modal rainfall pattern of 1400 mm/ yr.* The soil is a moderately
well-drained sandy clay loam belonging to Rhodudults. The pH, CEC and C:N ratio
are 6.5, 16 me/100g and 10 respectively. Dominant minerals are quartz and kaolinite
with Ca and Mg being the dominant cations. The sub-soil base saturation is 25%.
The respective soil water contents at field capacity and permanent wilting point are
26% and 12%.°

Experimental treatments: The experimental treatment structure was a two-factor
factorial with tree species and trenching as the two factors laid out in a split-plot
design. There were six tree or perennial shrub species (Calliandra calothyrsus
Meissn., Desmodium ransonii (L.) DC., Flemingia macrophylla (Willd.) Merr.,
Gliricidia sepium (Jacq.) Steud., Cassia spectabilis ( L.)DC. and Tithonia diversifolia
(Hemsl.)A. Gray in hedgerow intercrops with mung bean (Vigna radiala (L.) Wilczek)
plus a sole crop of mung bean used as the control. Within each hcdgerow intercrop
(i.e. main plot factor), there were trenching (TR) and no-trenching (NTR)
treatments as the sub-plot factor (Fig. 1). In the trenching treatment, a 1.5 m deep
trench was cut at 25 cm from the hedgerow to prevent lateral growth of tree roots to
the area planted with mung bean. This treatment structure was replicated three
times.

Establishment of hedgerows and annual crops: The tree hedges were established in
1992 as double hedgerows (15 cm apart) along contours in a land with an even slope
of 10%. The distance between two adjacent double hedgerows was 4-5 m. Mung
bean (variety MI-5) was established in the alleys between hedgerows at an
inter-row spacing of 30 cm and an intra-row spaéing of 10 cm. Each experimental
sub-plot consisted of a hedgerow length of 5 m and its associated mung bean plot
area spanning the whole width of the alley.
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Figure 1: Schematic representation of a split -plot indicating the trenching
(TR) and non-trenching (NTR) treatment. Mung bean crop rows were spaced at 30
cm apart with an intra-row spacing of 10 cm. The trenches were at a distance of 25 cm
from the hedgerows. See text for more details.

Mung bean was sown on 23 June 1998. All hedgerows were pruned to a height
of 0.5 m on 20 June 1998 and the prunings were deposited between the
double hedgerows. Thereafter, the hedges were allowed to grow freely during the
cropping season. Mung bean crops were grown without any additions of chemical
fertilizers or organic manure. Weeds were controlled manually and pests
and diseases were controlled by periodic spraying of appropriate pesticides.

Measurements: Vegetative growth of mung bean was measured at 50% flowering
(1.e. 50 days after sowing). Measurements were done separately on samples of five
randomly-selected plants from each row within the alley. Leaf area was measured
by an automatic leaf area meter and total dry weight was measured after
oven-drying at 80°C to a constant weight. Mung bean yield was obtained by
harvesting the pods in three different picks at 70, 80 and 90 days after sowing
(DAS). Yields of all crop rows were measured separately by harvesting all plants in
apre-determined row length of 1 m from the central area of each plot. In addition to
pod yield, yield components (i.e. number of pods per plant, number of seeds per pod
and hundred-seed dry weight) were measured in each crop row. All corresponding
growth and yield measurements were done on sole crop control plots also.
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The central 4 m length of hedgerow in each plot was pruned to a height of 0.5 m at
final harvesting of mung bean. Fresh weight of pruned biomass was measured in
the field immediately after pruning. A sub-sample of prunings of each plot was
oven-dried at 80°C to a constant weight to obtain the dry weight of pruned biomass.

Data analysis: Leaf area index (L) of mung bean was calculated as total leaf area
per unit land area. Total dry weight (W) of mung bean and dry biomass of
hedgerows were expressed on a per ha basis. In the calculations of L and W,
adjustments were made to account for the land area occupied by hedgerows.
Mung bean yield (Y) was expressed as pod dry weight per ha. Analysis of variance
was used to test the significance of the effects of different tree species, trenching
and their interaction. Whenever a given effect was significant at p=0.05 or below,
standard error of mean was used to separate the means.

The magnitudes of shoot ( above-ground) and root (below-ground) compe-
titions were estimated on the basis of mung bean pod yields (Y) using the following
equations: ’

Shoot competition
Root competition e YHym (eq. 2)

I
5 S
D
=i
9

where YC is sole mung bean yield; YH , and YH,, are respective mung bean yields
in hedgerow intercrops with and without trenching. The above absolute estimates
of competition were also expressed as percentages of total competition (i.e.
YC - YH )

Inter-relationships between pod yield and yield components were estimated by
multiple correlation analysis.*

RESULTS
Meteorological conditions during the experimental period:

The total rainfall received during the experimental period (Table 1), i.e. 574.8 mm,
is lower than that received during the previous season, i.e. 1237 mm.? However, the
monthly rainfall exceeded pan evaporation in all months except August. There-
fore, the crops did not experience any significant drought. Temperature and
radiation levels did not show much variation during the experimental period.

Leaf area index (L) and total biomass (W) of mung bean:
The main effects of tree species and trenching on both L and W were highly

significant (p<0.001). However, species x trenching interaction effects were not
significant at p=0.05. Hedgerows of all tree species tested caused significant
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Table 1: Meteorological conditions during the experiment

Rainfall Pan Mean Mean Mean
(mm) Evaporation Incident2 Max. Min.
(mm) Radiatziorll Teomp. Temp.
MJm™“d") (C) (C)
June 91.9 (11)’ 90.0 15.91 29.9 22.8
July 201.2 (11) 86.8 17.04 29.0 22.0
August 70.2 (9) 71.5 18.05 28.5 214
September 112.9 (10) 93.0 17.74 29.2 21.4
October 198.6 (11) 68.2 16.77 29.2 21.0

' Number of days with a rainfall greater than 2 mm

* Estimated from measured duration of sunshine

Table 2: Leaf area index (L) and total dry weight (W) of mung bean crops (at
50% flowering) growing under different hedgerow tree species with (TR) and
without (NTR) trenching.

Leaf area index

Tot. dry wt. (kg ha)

Tree species

TR NTR TR NTR
Control 0.491 943.4
Cassta 0.175 0.139 196.1 146.1
Calliandra 0.394 0.204 434.3 196.2
Gliriaidia 0.299 0.240 464.3 469.0
Flemingia 0.177 0.109 210.9 127.6
Tithonia 0.339 0.214 298.3 199.4
Desmodium 0.299 0.254 272.7 270.0
Mean 0.311 0.236 402.9 336.0
SE (df=6) 0.037 77.21

Note: SE-Standard error for mean comparisons between tree species x trenching treatmenet

combinations.
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growth reductions in mung bean in both trenching (TR) and non-trenching (NTR)
treatments (Table 2). The reductions in L and W due to the presence of hedgerows
were greatest in mung bean grown with Cassia and Flemingia. In NTR treatments,
the highest growth was shown by mung bean grown with Gliricidia and Desmodium.
With trenching, both L and W of mung bean increased under all hedgerow tree
species with the highest increases being shown in mung bean with Calliandra and
Tithonia (Table 2). On the other hand, the positive responses of L and W to trenching
were lower in mung bean crops with Gliricidia and Desmodium.

Mung bean yield (Y) and estimates of competition:

Mung bean yields varied significantly with the associated hedgerow tree species
(p<0.001) and trenching (p<0.05) treatment. The effect of tree species x trenching
interaction on mung bean yield was not significant at p=0.05. Presence of
hedgerows caused significant reductions in Y in both TR and NTR treatments
(Table 3). The highest and the lowest yield reductions were shown by mung bean
crops with Cassia and Gliricidia respectively. Within each tree species, mung bean
crops grown with trenching had greater Y as compared to those grown without
trenching. The greatest positive response to trenching in terms of Y was shown in
mung bean with Calliandra whereas mung bean with Cassia and Tithonia showed
the lowest positive response (Table 3). '

Table 3: Variation of mung bean yield under different hedgerow tree species
and trenching treatments along with estimates of shoot and root competition

Pod dry wt. Competition Competition Y,
Tree (kg ha-l) (Absolute) (Percentage (kg
species (kg ha) of total) (%) ha'')

TR NTR Shoot Root Shoot  Root

Control 806.3 491.5
Cassia 142.5 105.3  663.8 37.2 94.7 5.3 196.6
Calliandra 455.3 265.7  351.0 189.6 64.9 35.1 127.0
Gliricidia 686.8 563.3 119.5 123.5 49.2 50.8 582.9
Flemingia 310.6 202.1  495.7 108.5 82.0 18.0 247.4
Tithonia 361.8 317.8 4445 44.0 91.0 9.0 157.2

Desmodium 330.2 201.0 476.1 129.2 78.7 21.3 943.3

Mean 441.9 351.6
SE (df=6) 57.66

Note: - See text for explanation. Y- Yield of previous season (based on De Costa and Chandrapala, 2000).
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Table 3 also shows the estimates of shoot and root competition from different
hedgerow tree species based on yield variation between TR and NTR treatments
with sole crop yield as the control. The highest shoot competition, in both absolute
and percentage terms, was shown by Cassia whereas Gliricidia showed the lowest
shoot competition. In terms of absolute yield reduction, root competition was
highest in mung bean with Calliandra and lowest with Cassia. On the other hand,
when considered as a percentage of the total yield reduction relative to the control,
the percentage root competition was highest in mung bean with Gliricidia
(Table 3). When the total yield reduction due to the presence of hedgerows was
partitioned as being due to shoot and root competition, only Gliricidia and
Calliandra showed percentage root competition levels which exceeded 25%. Shoot
competition was the dominant component in all hedgerow species except Gliricidia
where the two components were approximately equal. The last column of Table 3
shows the corresponding pod yields obtained in the previous season® in which
trenching was not practised. Despite the lower rainfall, the sole mung bean yield
has nearly doubled in the present season. Yields of some hedgerow intercrops (NTR
treatments) have increased (e.g. with Calliandra and Tithonia) whereas the others
have decreased. The most drastic yield reduction has occurred in mung bean with
Desmodium which had the highest yield in the previous season.

Mung bean yield components:

Variation of the number of pods per plant (NP), number of seeds per pod (SP) and
hundred seed weight (SW) in mung bean crops under different hedgerow tree
species and trenching treatments are shown in Table 4. There were highly
significant (p<0.0001) differences between tree species in all yield components.
With the exceptions of SP under Gliricidia and Desmodium and SW under
Desmodium, yield components of mung bean with different tree species responded
positively to trenching. In the NTR treatment, presence of hedgerows decreased NP
significantly (p<0.05) in all mung bean crops except those with Gliricidia. The
greatest reduction of NP was in mung bean with Cassia. Although trenching
increased NP in mung bean crops with all tree species, the comparative ranking of
different tree species in the TR treatment was similar to that of NTR. In NTR
treatments, SP of mung bean decreased significantly (p<0.05) due to the presence
of all tree species with the reductions being lowest under Calliandra and Gliricidia
and highest under Cassia and Tithonia. In TR treatments, the lowest reductions
in SP were shown under Flemingia and Calliandra and highest reductions
were under Cassia and Tithonia. Inter-treatment variation of SW showed a slight
difference from the corresponding variations of NP and SP. In NTR treatments,
only the mung bean crops under Tithonia, Cassia and Flemingia showed
significant (p<0.05) reductions in SW. On the other hand, in TR treatments,
mung bean with Calliandra and Flemingia had significantly (p<0.05) greater SW
than the sole crop control. In contrast, the opposite was shown under Tithonia,
Cassia and Desmodium (Table 4).



120 W.A.J.M de Costa and A. G. Chandrapala

Table 4: Variation of mung bean yield components under different hedgerow
tree species and trenching treatments

Pods per plant Seeds per pod 100-seed wt. (g)

Tree.

species TR NTR TR NTR TR NTR
Control 4.74 8.18 5.49
Cassia » 1.35 0.94 4.90 4.60 5.02 5.49
Calliandra 3.63 2.17 7.29 6.76 5.99 4.82
Gliricidia 5.51 4.39 6.06 6.75 5.64 5.44
Flemingia 2.87 1.71 7.44 5.36 5.92 5.34
Tithonia 1.41 1.20 4.49 4.22 4.22 5.02
Desmodium 2.47 1.58 5.64 5.92 5.08 4.09
Mean 3.14 2.39 6.28 5.97 5.34 5.07
SE 0.248 0.222 0.135
(df=72)

Correlations between yield and yield components:

In both TR and NTR treatments, mung bean seed yields showed highly significant
(p<0.0001) positive correlations with all yield components (Table 5). The strongest
correlation was with the number of pods per plant with r? exceeding 0.9. Moreover,
all yield components showed highly significant positive correlations among
themselves.

Table 5: Linear correlation coefficients between pod yield and yield
components of mung bean crops grown under different hedgerow tree
species with trenching (above the diagonal) and without trenching (below
the diagonal)

Pod dry wt. Pods per plant Seeds per 100-seed
per plant pod weight
Pod dry wt. per plant - 0.910 0.516 0.417
Pods per plant 0.915 - 0.541 0.455
Seed per pod 0.586 0.636 - 0.685
100-seed weight 0.400 0.400 0671 -

Note: All correlation coefficients were significant at p<0.001
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Biomass production of hedgerow tree species:

There were highly significant (p<0.001) differences between tree species in their
above-ground biomass production during the 90-day duration of the mung bean
crop. In both TR and NTR treatments, Cassia and Flemingia had the highest and
lowest biomass production levels respectively (Table 6). Tithonia, Gliricidia and
Calliandra also showed higher levels of biomass which were significantly (p<0.05)
greater than those of Flemingia and Desmodium, but significantly lower than that
of Cassia. There was a slight decrease in above-ground biomass production due to
trenching in all tree species (Table 6). Despite the lower rainfall, biomass
production of all tree species in the present season (in NTR treatments) was higher
than in the previous season.

Table 6: Biomass production of different hedgerow tree species with (TR) and
without (NTR) trenching

Tree species Biomass produced (x 10" kg ha')

TR NTR Wp
Cassia 5.88 6.11 3.48
Calliandra ‘ 4.63 4.72 1.44
Gliricidia 4.63 4.72 2.21
Flemingia 0.42 0.56 0.33
Tithonia 4.77 5.00 2.32
Desmodium 1.20 1.30 0.98
Mean 3.59 3.74 1.79
Se (df=6) 0.163

Note: Wp-Biomass production of previous season”
DISCUSSION

The main finding of this experiment was the dominance of above-ground (shoot) -
competition over below-ground (root) competition in the present environment. This
contrasted with the findings of Singh et al.”, Rao et al.®, Rao et al.® and Ong et al.'®
who observed significant below-ground competition. However, dominance of
below-ground competition could vary with the availability of below-ground resources
such as soil nutrients!! and moisture.!>'* These aspects of the present experiment
will be reported in De Costa and Chandrapala.'

It is also possible that root systems of hedgerow species and mung bean may
have occupied complementary zones in the soil profile which would have minimized
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the competition for absorption of water and nutrients. Such a situation has been
observed by Huxley et al.'® in a Grevillea robusta x maize hedgerow intercropping
system. Observed variation in below-ground competition between tree species could
be because of the variation in the extent and depth of their root systems.* 17 Teubig
(unpublished) who studied the morphology of hedgerow root systems in the present
site observed that Gliricidia had a shallow and spreading root system whereas the
other tree species had deeper and less-spreading root systems. This may explain
the greater percentage below-ground competition by Gliricidia. Experiments will
be carried out in the next phase of this programme to provide detailed, quanti tative
information on the root systems of hedgerows and the annual crop at the present
site.

The significant inter-species variation in above- and below-ground
competition observed in the present experiment could indicate possible variation
in the balance between negative competition effects and positive ‘fertility’
effects'™ 19 of different tree species on associated mung bean. The significant
variation in biomass production between the different tree species could
determine the magnitude of overall competition exerted.'™** For example, the
highest overall competition effect was shown in mung bean grown with Cassia
which had the highest biomass production. The demand for both above- and
below-ground resources is likely to be greater with higher biomass production,
thus intensifying competition on the annual crop. However, among the other tree
species, similar magnitudes of overall competition have been observed in mung bean
crops grown with tree species which had large differences in biomass production
such as Tithonia and Flemingia. This could be due to the differences in the fertility
effect of the above two species. Firstly, the large amount of prunings added to mung
bean crops grown with Tithonia (which had a higher biomass production) would
have added a greater amount of nutrients on decomposition. In contrast, the
fertility effect of mung bean associated with Flemingia (which had a lower biomass
production) would be comparatively low. Secondly, De Costa and Atapattu® observed
in a separate study that the rate of decomposition of Tithonia mulch is much faster
than that of Flemingia. Hence, both the amount of prunings added as mulch and
the degree of synchrony of nutrient release with the nutrient demand of the annual
crop?® # can determine the fertility effect of a given hedgerow species on the annual
crop.

A secondary objective of this experiment was to compare the degree of
competition exerted by different hedgerow species in the present experiment with
that observed in the previous season as reported in De Costa and Chandrapala.?
Comparison of the estimates of overall tree-crop interaction showed some notable
differences between the two seasons such as Desmodium changing from a
substantially positive to negative interaction. However, in terms of absolute mung
bean yield, except for the crops with Desmodium, the comparative ranking of
hedgerow species did not differ much between the two seasons.
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The magnitude of tree-crop competition and the level of annual crop (i.e. mung
bean) yield could change from season to season because of several factors. These
include variation in growth of different tree species, the level of resources (e.g.
nutrients) removed for tree and crop growth in the previous season and the
level of resources added to the system (e.g. tree prunings and crop residues) from
the previous season.?** For example, plots with Desmodium had an extremely high
mung bean yield in the previous season and removed a high amount of nitrogen?®®
while providing only a small amount of prunings from Desmodium. This could be
the reason for the substantial decrease of mung bean yield in plots with Desmodium
in the present season. Therefore, long-term observations of crop yields are needed
to ascertain the sustainability of a hedgerow intercropping system involving a
specific tree species.

The dominance of above-ground competition observed in the present
experiment means that appropriate hedgerow management practices should
be formulated to minimize shoot competition. These could include pruning of
hedgerows in the middle of the cropping season instead of waiting until the
harvesting of mung bean.
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