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ABSTRACT

Huorizontal and vertical distribution of rovts of
une year old Lewcaena elewcocephala, Gliri-
cidia sepium and Senna siamea plants on freld
plots were studied using the skeleton (dry exca-
varion) method. Root systems of the three spe-
cies generally consisted of a strong downward
growing tap root with laterals origmating from
the main root axis. In Lencaena and Senna,

rovts developed faster than shoots, and at the
end of ¢ weeks after sowing, mean root length

shoot height ratios were 141 and [.46 respec-
tively. Total root biomass ranked in the order
Senmg > Gliricidia 2 Lewcaena. The bulk fan
average of abaut 81%) of the root biomass af all
the three species are found in the top [5cm
depth of the profile. Horizomal root spread var-
ied from 98 2cm in Lencaena o 104.7c¢cm in
Senna. Active nodules were observed on the
rools of Lencaena and Gliricidia but not Senng.

The sty conclndes that the three species are
likely to compete with agriculiural crops for wa-
ter and titrients when grown tugether.

Keywords: Agroforesiry, rool sysiems, roof
competition, Lencaena fencocephala, Gliricidia
sepaiaem cesed Newnia yianec.

AGRICULTURE

INTRODUCTION

Agroforestry is a collective name for land-use
systems that combine the cultivation of woody
perenials (trees and shrubs) with food crops on
the same land management unit either in spatial
mixture or in temporal sequence (Lundgren and
Raintreg 1982). It combines the protective char-
acteristics of forestry with the productive attrib-
utes of both forestry and agriculture It is recog-
nised as one of the ecologically mosi appropri-
ate agricultural systems especially in the
densely populated, ecologically degraded areas
of the tropics where the environment is so vul-
neranle

There are several agroforestry practices. Per-
haps the best known and most widely re-
searched over the last two decades is alley crop-
ping It is a system of farming in which arable
crops are grown in the spaces between rows of
planted trees which are pruned periodically dur-
ing the cropping season to prevent shading,
minimise intercrop competition, and provide
green manure and mulch for the associated
crops (Wilson and Kang, 1980). Alley cropping
has been shown to be a stable alternative to
shifting cultivation and modest soil fertility res-
toration and maintenance have been reported
under the system (Kang et. al. 1984). Field ex-
periments show that in alley cropped plots
yields of cassava, maize and cowpeas can be
maintained at a relatively high level (Gichuru
and Kang, 1990).

Despite these reported successes, the spontane-
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ous_ adoption expected by farmers is not being
achieved, mainly because of the apprehension
among farmers that trees in association with
crops will compete strongly with crops for nutri-
ents and moisture as well as space. Experimental
results are availahle showing yield reduction due
to alley cropping with certain woody species
{Tmpsc:-lls 1987, Gichuru and Kang, 1990). This
effect is partly blamed on root competition for
nutrients and moisture.

A knowledge of rooting systems of trees is
therefore crucial in the selection, design and
management of agroforestry systems. It will en-
sure that multipurpose trees selected for agrofor-
esty interventions are compatible and can utilise
in harmony the above and below-ground re-
sources over time with associated crops. It will
permit researchers to find the best way of man-
aging below-ground portions of hedgerow spe-
cies to benefit the associated crop

While the above ground interactions in alley
cropping systems are well known, only little
knowledge is available on below-ground interac-
tions among hedgerow and food crop species
due mainly to obvious difficulties in its study
tLal, 1991, Huck, 1983}

The present paper reports on the growth per-
formance and the vertical and horizontal distri-
bution of roots of one year old seedlings of Leu-

caena leucocephala, Gliriclidia sepium and
Senna siamea

MATERIALS AND METHODS
Stuay Site

The study was conducted on the Institute of Re-
newable Natural Resources’ Research Farm at
the University of Science and Technology. Ku-
masi. Ghana (Lat 06° 43'N}, (Long 01°36"W} at
an altitude of 278m. The average annual rainfall
is 1250mm, with the major rains falling between
March and July and the minor rains between
September and November Average ambient
temperatures range from 21°C to 32°C. The soils
at the site belong to the Asuansi series and are
classified as Ferric Acrisol (FAQ/UNESCO).
They are moderately deep and moderately well

drained, gravelly and concretionary. and of low
base saturation and low cation exchanue capa-
city The zoil reaction is acidic (pH 53) in t°
top 10em and extremely acid (pH 4 2) in the u
derlying horizon (Table 1)

Nursery Experiment

Seeds of Leucaena leucocephala and Senna sia-
mea {scarified in hot water at about 98" C for 30
minutes) and Gliricidia sepium were sown into
seedboxes containing a mixture of fine sand
and topsoil in the ratio of 1 © 3 All boxes were
watered after sowing and subsequently after
every other day. Daily checks of germination
were made on each day until 21 days after sow-
ing (DAS) when seedlings were thinned to a
spacing of 10cm x 10cm From then onwards.
weekly measurements were taken of growth in
height and root collar diameter of 12 randomly
selecied seedlings, after which they were care-
fully pulled out of the soil and the roots gently
washed to remove all soil particles The length
of the tap roots from the root collar to the tip of
the longest root was measured. Each seedling
was then separated into root and shoot portions,
bagged and oven-dried to constant weight (65
C. 24 hours)

Field Experiment

A 95 x 13m plot was subdivided into three
smaller plots of 30 x 12m The tree species viz,
L leucocephala G sepium and S, silamea were
randomly assigned to the plots in an unrepli-
cated experiment and the seeds planted directly
at a spacing of 2.0 x 0 6m. Each plot had seven.
rows of 50 trees/row or a total of 350 trees/plot
All plots were weeded regularly Starting from
13 (WAS), and at fortnightly intervals, 10 trees
were randomly selected from each plot
(excluding the two outer rows) and their height.
stem diameter at soil level and rrown diameter
were recorded. Two measuremenis of stem and
crown diameters al right angles to each other
were taken and an average value calculated
This continued till 51 WAS,

Sample plants {one per specie) selected from
P e P
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the middle row of trees on the basis of having
height, stem and crown diameters close to aver-
age dimensions. were cut at soil level and re-
turned to the laboratory for dry weight determi-
nation. Root sampling was done on volume ba-
sis. A 30cm % 30cm x 45cm volume block of
soil around each sample plant was excavated and
removed intact. The soil was carefully washed
from the roots. Roots occurring in the 0 — | 5em
and |15 — 45cm profile depths were separated for
oven-dry biomass determination (65" C, 24
hours). MNodules where present were collected
and nodule effectiveness determined by examin-
INg cut sections

Fine Root Biomass Der.ermim_uiun

Biomass of the roots (< 2Zmm in diameter) was
determined at 52 WAS. Tube augur (6. 5cm di-
ameter) was used to sample soil at 12 positions
(10cm, 20cm, 40cm, 6dcm, 80cm and 100cm)
from the base of the trees in two directions per-
pendicular to the rows of trees for each plot.
Sampling was restricted to alleys undisturbed by
previous destructive sampling. but excluding the
two border alleys Cores were taken to a depth
of 30cm. Core samples were soaked for about 30
minutds in water and washed gently over a mesh
sieve The residue was hand-sorted 1o remove
fragments consisting of roots, leaves and small
stones. The fine roots were bagged for oven-dry
biomass determination (65° C. 24 hours)

Total Root Exposure

At 53 WAS, one tree per specie sampled on the
basis of having a tree height and stem diameter
close to the average of 10 trees from each plot
was carefully excavated. All roots were exca-
vated by the skeleton method (dry excavation)
digging along the course followed by the roots
in the soil mass. Measurements were taken of
maximum lateral spread and wvertical root
growth,

RESULTS
General Morphology and Rooting Pattern

-

Nursery Phase

In both nursery and field experniments, root
growth and distribution pattern indicated that
root systems of nursery seedlings and field
grown plants were similar. It consisted of a
strong downward growing root. the tap root,
with lateral roots originating from the main root
axis In Leucaena and Senna, the roots initially
developed faster than shoots (Figure 1-3) and
mean root length to shoot height ratios of 1.41
and 1 46 respectively were recorded at the end
of 9 weeks after sowing during the nursery
phase The reverse was the case for Gliricidia
where a ratio of 0.72 was recorded. Due to good
soil environment .in the nursery boxes, there
was a profuse proliferation of the roots on the
laterals, Tt was more prolific on Gliricidia fol-
lowed by Leucaena and then Senna. Dry
weights and morphological characteristics are
shown in Table 2. Dry weights of roots ranked
in the order Gliricidia > Leucaena > Senna

Field Phase

Like the nursery plants, field grown plants con-
sisted of promunent tap roots that grew perpen-
dicular and laterals that exhibited the tendency
to spread nearly parallel to the ground surface
{Figs 4 to 6). but penetrating obliquely into the
soil. In both Gliricidia and Senna the lateral
roots had the tendency of ocecuring in “clumps”
not being uniformly spaced along the parent
axis. The laterals in Leucaena were more deeply
placed than in Gliricidia and Senna. The num-
ber of first order laterals increased with age and
constituted a major part of structural root
length. The root biomass of all the three species
increased considerably with age, and was di-
rectly related to the above-ground dry biomass
and stem diameter at soil level of the respective
plants, i.e. higher diameter produced higher root
biomass. In |2 months old piants total root bio-
imass was highest in Gliricidia and Jowest in
Leucaena. In the case of fine roots it was high-
est in Senna and lowest in Leucaena. Generally
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Senna showed significantly higher growth than
Leucaena but not Gliricidia (Table 3).

Root oven-dry biomass distribution calculated as
a proportion of extracted root biomass appor-
tioned to the 0 — 15¢m soil depth during the peri-
ods 15-25 27-39 and 41-45 WAS is given in
Table 4. The proportions were consistently low-
est during the period 27-39 WAS (dry 5Ea50T)
in the three species. Values for the two other pe-
riods 15-25 WAS (minor rainy season) and 41-
51 WAS (major rainy season) were higher. Dif-
ferences in mean values were significant be-
tween 27-39 and 41-45 WAS in all three species.

Nodulation

Qualitative observations were made @n root nod-
ule development. Nodules were observed on the
roots of Le and Gliricidia but not Senna.
In Gliricidia nodules were concentrated on the
fnain tap root a few centimeters below the root
collar. In the case of Leucaena, there were fewer
nodules on the main tap root. Nodules from
Gliricidia were more pinkish than those from
Leucaena By the end of 31 WAS, no active
nodules were observed on Leucaena roots. All
nodules recovered after this period were small,
hard and had a colourless inner pigmentation.

DISCUSSION

Root systems of trees play a very significant role
in their growth. The growth and distribution of
root systems of tree species usually depend on
the genetic characters of the species, type of soil,
biotic factors and method of planting
(Chartuverdi et. al. 1986, Huck 1983). In the
present study all the excavated trees had devel-
oped strong tap roots that exhibited the capabil-
ity of penetrating the soil to great depths. A
greater proportion of the roots (both fine and
coarse) was found in the 0-15cm soil depth. The
depthwise distribution of the root biomass indi-
cated that the top 15e¢m of soil contained an av-
erage of 81.0, 82.3 and 80.3% of the total root
biomass in Leucaena, Gliricidia and Senna re-
spectively. All laterals were large structural ele-
ments, the primary function of which appears to

be for anchorage. Although this property of ac-
cumulating a greater proportion of roots espe-
cially fine roots in the upper soil profile may
offer poor physical support to the shoot system,
(Dhyani et. al. 1990) have observed that it nev-
ertheless provides enough absorptive surface to
allow plants to have an easy access to water and
nutrients in the top soil

The depthwise distribution of roots. especially
during the various rainfall periods suggests that
root systems have a capacity for compensatory
growth in wet soil layers as an alternative to
maintaining growth even in moderately dry
soils. It is apparent frum Table 4 that changee in
the average proportions of root distributed to
the 0 —15cm depth were strongly influenced by
the availability of soil moisture during the peri-
ods 15-25, 27-39 and 41-51 WAS which corre-
spond to the minor, dry and major rainy seasons
respectively The proportions were significantly
higher during periods of rainfall than during the
dry period. Between the two rainfall periods it
was higher during the major rains.

Mayaki et. al (1976) have stated that rooting
densities in general are smaller near the surface
but larger at greater depths in non-irrigated as
compared to irrigated soils. Klepper et al.
(1973) working with cotton found that the per-
centage of roots distributed to the surface is
higher when surface moisture conditions are
good. The reverse was the case during dry’
spells. The results of the present study corro-
barate those earlier findings.

Observations of core samples taken to a depth
of 30cm at 52 WAS showed a pronounced de-
cline in fine root biomass with depth. A similar
pattern has been reported by Toky and Bisht
(1992) in some tropical trees. They observed
that out of nine tree species studied, root density
was highest in the top 30cm soil layer ang it de-
clined sharply with increasing depth in all the
species except in Prosopis cineraria and Acacia
catechu which showed uniform distribution
throughout the soil column. Jonsson gt al
(1988) observed a more or less uniform decline
in fine root biomass with increasing soil depth
in two-year old stands of Senna siamea Leu-
caena leucocephala. Eucalyptus tereticormis and
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Prosopis chilensis. A similar pattern was ob-
served by Dhyani et al (1990) in 28 month old
stands of Leucaena leuccecophala, Eucalvptus
tereticornis, Grewia optiva and Ougenia
pouenensis but Bauhinia purpurea had its roots
more or less evenly distributed down to 12m

In the present study fine root densities of the
three species determined after 52 weeks growth
ranked in the order Senna = Gliricidia = Leu-
caena This indicates that Senna would take up
more water and nutrients from the soil than Gliri-
cidia and Leucaena when grown under similar
conditions, It would be expected that under con-
ditions where below-ground resources are not
limited, the more extensive the root system, the
higher would be the expected nuwient uptake and
contnibution. This is because the species con-
cerned would exploit a bigger soil area. Hauser
(1993) has made a similar observation with

§enna

Maximum horizontal root spreads of 104.7, 98.2
and 23 0 em recorded for Senna, Leucaena and
Gliricidia respectively  was less than crown
spread in all the species studied. Root spread to
cruwn spread ratio was 0.33. 0.59 and 0.73 for
Senna. Gliricidia and Leucaena This may in-
crease with age since only 12 month old trees
were studied in the present case According to
Prasad and Mishra (1984), root spread was 1.1
and 2 0 fold higher than crown spread in mature
trees of Tectona wrandis and Terminalia tomen-
Losg

As expected. Leucaena and Gliricidia nodulated
In the case of Gliricidia, root nodules were ob-
served to be active throughout the duration of the
study. though there was a reduction in number
during the period 31-41 WAS (dry season) Dry
conditions are known to reduce the number of
nodules substantially (Beadle. 1964 and Corby
et al 1983) and also do not permit the recovery
of all the nodules Generally nodule shape and
morphoiney conformed to descriptions given by
Corby (1971}, varving from cylindrical to globu-
lar in Leycaena to irregular in Gliricidia Nod-
ules from Gliricidia were more pinkish in the in-
terior than those from Leucaena This indicates
that the Rhizobium species responsible for the
nodulation of Gliricidia formed a more effective

symbiotic association with it than the associa-
tion between Leucaena and the Rhizobium re-
sponsible for its nodulation This is evident
from the nodule pigmentation and the high dry
matter yield in Gliricidia. Gliricidia is known to
nodulate freely with diverse strains of Rhizo-
bium, whereas Leucaena being exotic nodulates
best with fast growing Rhizobia which are often
lacking in our soils (Cobbinah, Personal Com-
munication).

This observation emphasises the importance of
assessing dry matter yield of leguminous MPTS
in such a way that symbiotic performance is
measured in relation 1o the growth potential of
the host genotype supplied with adequate nitro-
gen Reduced effectiveness of symbiosis may
then be identified as a particular weakness of an
otherwise productive MPTS and an attempt
made 1o correct the situation. Required strains
of Rhizobia can for instance be provided
through innoculation. Innoculation of exotic
species such as Leucaena has been found to in-
crease total nitrogen and dry matter yield com-
pared with uninnoculated plants (Sanginga et.
al. 1985)

Results of this study and those of other workers
indicate that root competition between dnnual
crops and the tree species should be expected
when they are interplanted unless some mecha-
nisms of root exclusion such as trenching as de-
scribed by Dadhwal et. al. 1984 and Prajapati
et. al 1971, root pruning (Roger and Rao 1990).
or installation of root barriers (Singh et al
1989) is practised,

CONCLUSION

The present study shows that even though the
tap and some lateral roots of the three tree spe-
cies reach deep soil levels, the bulk of the roots
(81% on the average) are found in the upper 0-
I 5cm profile depth. It is likely that when grown
in association with agriculture crops, they will
offer serious competition for water and nutri-
ents. The present observation and those of Jons-
son el. al, (1988), Dhyani et. al. (1990) and Pun
and Bangarwal (1992) on the distribution of
Leucaena roots and that of other species do not
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support the contention that multipurpose trees in
general have few roots in the topsoil and there-
fore would not compete with agricultural crops.

It is imperative that more attention is given to
below-ground phenological studies of roots of
MPTS when screening them for agroforestry
technologies. Especially worth looking at is the
possibility of manipulating hedgerow species
through pruning management so as to form a
root distribution pattern desirable for alley crop-
ping. For instance van Noordjwik et al. (1990)
have found that in Peltophorum pterocarpa,
lower pruming heights (25cm) produce finer
branch roots in the top soil, while pruning at
75¢m height resulted in the production of thick
branch roots and smaller number of fine ones.
Would other MPTS respond similarfy?
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Table 2:  Preliminary Observations on Rooting and Growth Characieristics of the Tree Species at § WAS

Observation LL oS 55

I}y Mean shoot hetght (em? i la 14 dh 22.u0e

(2,42 fa U2 CAmy
1) Mean Tap reat length (cm) A Ta 2% 3ah T 1k

(1.27) IR 710
31 Mean Root collar diam. (em) il 3% 1haka 1527

(0ol (11,32 ey
41 Shoot dryv weight (mg/phsnt) 423 1655 d6 i)
i) Reot dry weight (mg/plant) 41.1 bt T 174
6)  Total drv werght {mg/plant) 1336 3322 634
7]  ShoouRool Kalio 223 auz 263

Values in the same row follgwed by a common letter are not sigruficantly differem (P <043 as
determined by the T-Test
Numbers in parenthesis are standard errors of means
LL - Leucaena lepcocephala
GS - Gliricidia sepium
55 - Eenna siamen
Table 3 Stand Characteristics. Total Fine Root (> 2 diameter) Biomass, Reot
Spread and Depth of the Tree Species Studied. All Stands are 12 Maonths Old
Observation LL GS 85
1. Mean shoot height (cm) 3773 367 5ab 386 .6b
(542} (3013 (6. 24)
2. Mean stem diameter al soil level (cm) 3.7a 4 YRab 3 80
w2y (32 {U.26)
3. Mean crown diameter (cm) [35 0 [ 5U tha 31535k
{H.64) {12.8) (1G4
4. Reol spreadfcrown spread rauo (0727 (L3835 (1.331]
5, Maxamum lateral rool diameter {cm) 292 40 4.0
6. Maximum lateral root spread (cm) 98 2 43.0 4.7
7. Maximum root depth (cm) 446.7 5315 A0
8. Fine rool biomass
kg/ha 917 1250 158 3
kg/plant RN i3 oy
9. Total root biomass kg'ha 289.6 B9l 4724
10, Stand density/ha 8333 B3 B333

Walues in the same row followed by a commeon letter are not significant!s differem
(P < 10.03) as determined by the T-Test

Numbers in parenthesis are standard errors of means
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Table 4: Comparisent af flean proporiiony of tarand exiroavied rout biomass af i
Lewcaena, Clirigidia amd Seapg distributed 1o the 1) - 13 emi soil depth during the minor,
oleye enmnel pra e PEEY XEGSORS

PERIOD IN GROWTH CYCLE
Species 15-25 (WAS) 27-39 (WAS) 41-51 (WAS)
{Min. Rainy season) | (Dry season) {¥aj. Rainy season)

Leucaens loucocephal 1% lab 077k 0.B4a

IRTENR (i42) (Lhh18)
CGilincidia seplam 15 la 0Tk (893

(i) (28 o1gy
SCIUN S1 0.HZa [{Rrl}] 088

L e e Y (1 0263 (L02T)

tcais of species Tollowed by 1lic same levier are 1ol sigmilicantly different (P < 0.0 Fssdejermined by the T-
Test

Migniber 10 parenthesie are stmdard errors ol means
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Figure |: Relative values of root length and shoot height of Levcacna

leucoceplala seedlings.
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Figure 2: Relative values of root and shoot height of Gliricidia sepium
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Figure 3 Relative values of root length and shoot height of Senna sinmen
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Figure 6. Koot systems of

Leucaena




