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Abstract

Growing population pressure pushes farmers to use the young Chromolaena odorata fallow
vegelation for food crop production. As a first step in defining appropriate management for
such a fallow, the growth of this vegetation was studied by following changes in biomass,

* composition and nutrient content over time. The fallow vegetation rapidly covered the soil

after crop harvest, Right from the start C. odorata was the dominant species, at an average
growth rate of 8.7 t ha™! per year. Standing biomass of the fallow vegetation reached a peak
of 22 t ha™! in the third year, while in subsequent years growth stagnated as a result of
dieback of C. odorata. In the fifth year other woody species tended to succeed C. odorata as
the main component of the fallow vegetation. In five years the vegetation accumulated 130
kg N, 9 kg P and 160 kg K ha-', Results suggest that a fallow period of three years is most
appropriate when using this type of fallow vegetation in semi-permanent food crop produc-

tion systems,

Keywards: Chromolaena odorata, fallow species, fallow period, shifting cultivation alterna-
tives, Cote d'Ivoire, biomass accumulation, nutrient uptake, weed suppression, succession

Introduction

In humid West Africa traditional shifting cultivation can no longer provide enough
food for the increasing population. Moreover, further extension threatens the re-
maining tropical forests. Farmers extend cropping periods and shorten fallow peri-
ods but they keep relying on the natural fallow to maintain the chemical and physical
soil properties and to reduce weed growth at the start of the subsequent cropping pe-
riod, Whether crop production under these practices is stable and efficient depends
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on the length of the fallow period (Nye & Greenland, 1960) and on characteristics of
the fallow vegetation (Jaiyebo & Moore, 1964; Nye & Hutton, 1957). The trend to
shorten fallow periods is clearly demonstrated in some parts of Africa and Asia,
where farmers no longer allow the forest vegetation to re-establish. They already
clear the field after a few years of fallow, when the vegetation mainly consists of the
shrub C, odorata (Dove, 1986; De Foresta & Schwartz, 1991).

The composite C. odorata, native in Central and South America, has spread rapid-
ly through Africa and Asia during the last century following the more intensive land
use (Cruttwell-McFadyen, 1991; Gautier, 1993). Because of its enormous seed pro-
duction and rapid growth (Gautier, 1992; Yadav & Tripathi, 1982) C. odorata is a
predominant colonizer of open spaces. Hence, it is considered a serious weed in
agricultural systems where the spontaneous regrowth of the natural vegetation is
hampered by intensive cultural practices (Audru et al., 1988; Holm et al., 1977).
Research on the species mainly deals with control measures, whereas studies on its
growth and development are scarce and focus on its role in the secondary succession
(Gautier, 1992; De Rouw, 1991; Saxena & Ramakrishnan, 1984; Toky & Ramakrish-
nan, 1983a,b).

As more and more C. edorata dominated fallow tends to be used for food crop
production, the prospects of this semi-permanent cropping system for the humid
tropics needs to be examined with regard to productivity and sustainability. An
agronomic assessment of the C. odorata fallow system was carried out from 1989 to
1992 in South-West Cdte Ivoire, as part of a research programme of Wageningen
Agricultural University on analysis and design of land use systems in that region. In
this paper dry matter production, nutrient accumulation and suppression of herba-
ceous species in the C. odorata fallow vegetation over time are discussed. The aim
was to gain a thorough understanding of the growth of this species, needed to identi-
fy the appropriate length of the fallow period for optimum nutrient management and
weed suppression. As it was not feasible to study the C. odorata vegetation over a
long fallow period, the ‘false time series’ approach was used (Hase & Folster,
1982). This involved monitoring vegetation development on fallow plots of different
ages, - : .

Materials and methods
Site selection

The study area is situated near the village of Tai, in the lowlands of South-West Cite
d’Ivoire (5°N, 7°W). It has as a humid tropical climate. Rainfall is bimodally distrib-
uted over the.period March-October and amounts to an annual mean of 1885 mm
(Collinet et al., 1984). The dry season extends from November to February. Mean
monthly temperatures range from 24.7°C to 27.4°C. The study sites are located at
the higher parts of the rolling to undulating landscape and are representative of 30 to
50% of the area (De Rouw et al., 1990). Soils on these positions have similar charac-
teristics: they are gravelly, strongly weathered and chemically poor. The upper 5 cm
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of the soil is sandy loam, on top of a 50 to 90 cm deep layer of sandy clay loam with
a high gravel content. The soil below this layer is clayey and contains a small amount
of gravel only. These soils are classified as Ferric Acrisols (Van Reuler 1996).

The growth of the C. odorata fallow vegetation was studied from May till
November 1991 on twelve plots left fallow by farmers for different periods. On three
of these plots the fallow period started during the observation period and these plots
are further referred to as 0-Y plots. From March to August 1991 they were used by
immigrant farmers for growing maize; weeds growing on these plots were consid-
cred to be the initial stage of the fallow vegetation. The plots had been weeded at the
start of the observations (June 1991) by the research team in order to rule out possi-
ble differences in farmers’ weeding practice. The other nine plots included three
plots with one-year-old fallow (1-Y plots), two plots with two-year-old fallow (2-Y
plots), two plots with three-year-old fallow (3-Y plots) and two plots with five-year-
old fallow (5-Y plots). All plots had been cropped more than once during the ten
years prior to the last cropping.

Observations

The dry weights of the above-ground biomass and litter were determined by sam-
pling the vegetation. Details of the sampling procedure are given in Table 1. The ar-
eas sampled on the 0-Y and 1-Y plots were smaller than those on the older plots, be-
eause the fallow vegetation on former plots was denser and more homogeneous.
Samples of the vegetation were cut off at ground level and separated into C. odorata,
other woody species, forbs and grasses. Subsamples of C. odorata and other woody
species were separated into leaves and stems. The litter particles of C. odorata and
other plant species were raked up (2 cm distance between rake teeth) and weighed.
On the 0-Y and 1-Y plots, no collection was made as litter was practically absent.
All samples were dried at 70°C for 24 hours to determine the dry weight.

Leaf area index (LAI) of C. odorata was estimated by multiplying leaf dry weight
by specific leaf area. The latter was determined in separate leaf samples.

The composition of the fallow vegetation was determined simultaneously with its
dry weight, by counting plants of C. odorata, other woody species, forbs and grasses
in all samples. On the 2-Y, 3-Y and 5-Y plots, the numbers of forbs and grasses were
not recorded, as they were few and highly variable. Besides the composition of the

Table |, Sampling method of dry weight of C. odorata fallow vegetation and litter.

Age of the fallow vegetation (year)

0 1 2 3 5
Number of plots 3 3 2 2 2
Sample size (m?) | 3.75 1.5 9.0 9.0 9.0
Number of replicates 4 4 5 5 5
Sampling frequency * 2 3 3 3 3

* 2: August and October 1991, 3: May/June, August and October/November 1991
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standing vegetation, the composition of the regrowth was examined 40 days after
sampling for the arcas sampled in May and August on the 2-Y, 3-Y and 5-Y plots.
This was done by separately estimating the soil cover of C. odorata, other woody
species, and forbs plus grasses.
~ The rooting pattern of one or two representative C. odorata plants per fallow age
was studied, The lateral expansion was measured after exposing the superficial
roots, the vertical penetration was determined:in a 1.5 meter deep pit dug near the
stem. As rooting appeared to be predominantly superficial, the root biomass was de-
termined in the top 20 cm only. In quadrats (1 m?) laid out in the area where the veg-
ctation had been sampled, the soil layers 0-10 em and 10-20 cm were collected and
sieved (1 mm mesh diameter) separately. Roots of C. edorata were visually separat-
ed from those of other species by their characteristic white colour and structure. The
selected roots were dried and weighed. Rooting pattern and root biomass were mea-
sured once during the period March-November 1991. No observations were made on
the 0-Y plots, since the methods used were considered impracticable for seedlings
given their large numbers and fine root system.

The nutrient mass fractions in C. odorata and litter were determined in the sam-
ples taken in May-June, and in the root samples of the layer 0—10 ¢cm. These samples
were chemically amalysed according to the standard procedures described by
Walinga er al. (1989). Two vegetation samples per plot were analysed for the one-
year-old vegetation. Two samples taken on the same plot were used for the older fal-
low vegetations, The nutrient contents of the various parts of C. odorata and of the
litter were calculated by multiplying the average dry weight by the average nutrient
mass fractions, per fallow age.

Data processing

Assuming a constant rate of biomass accumulation once the ground surface is cov-
ered (Van Heemst, 1986) and a constant proportion of the biomass that is lost as lit-
ter (Pocls, 1987), the growth of C. odorata over time can be approximated by the rate
of net dry weight increase:

dW/dt=C—-kW (1)

with C the gmwth.rate of the biomass (kg ha™' month™), k the relative mortality rate
of the biomass (month™'), and W the dry weight of C. odorata (kg ha™"). Integration
of Equation 1 gives the change in dry weight over time:

W= wmu:{I_E-h] (2)
with W, the maximum dry weight of the above-ground C. odorata (kg ha™), and t

the time (months). Dry weights of the above-ground biomass measured in August
were used to estimate the growth.
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Results
Dry weight of above-ground biomass and litter, and leaf area index

Dry weights of C. oderata and the total vegetation increased with the age of the fal-
low until the third year, when values of 20.8 t ha™ and 22.3 t ha™' respectively were
reached (Table 2). The C. odorata dry weight on the 5-Y plots was 2 to 3 t ha™ lower
than that on the 3-Y plots. From May to November the C. odorata dry weight in-
ereased by 3 to 4 t ha™! on all plots. On the 0-Y plot, the dry weight increased by 2.6t
ha™' in two months (August to October), which corresponds with 46 kg ha™ day.
The amount of litter accumulated on the ground was rather similar on the 2-Y and
3-Y plots, but it was half as much as on the 5-Y plots. In the period -August-
November, the amount decreased on all plots.

On the 0-Y and 1-Y plots, the proportion of leaves in the C. odorata dry weight
declined over time (Table 2). On the 2-Y,. 3-Y and 5-Y plots this proportion was
rather similar and fluctuated between 9 and 14%. On each of these plots, it increased
in the period May-August and fell during August-November. LAI increased with age
of the fallow to a maximum of 5.6 on the 3-Y plots (Table 2). Seasonal changes in
LAI were similar to those in the proportion of leaves in the C. pdorata biomass: an

Table 2. Dry weight of the above-ground biomass of .C. odorara and the total vegetation, and of litter,
proportion of Jeaves in the dry weight of the above-ground biomass of C. edorata and leaf area index of
this species in fallow vegelations of increasing ages on three times during 1991 (standard error of mean
In parentheses).

Fallow Observation Dry weights (L ha™) Proportion of  Leafarea

nge tate leaves in index of

{yr) C. odorara  Total Litter C. odorata C. odorata

vegelation (%a)

0 August 04 (0.2) 09 (0.1) nd 69.3 (2.8) nd
October 3.0 (0.9 43 0.35) nd 42.5 (0.7) nd

1 June 6.6 (0.4) 92 (0.7) nd 19.7 (0.8) 32 (0.2)
August 86 (04) 11E (0.9 nd 183 (0.8) 3.9 (04)
October 9.8 (0.5) 13.0 (0.6) nd 13.0 (0.B) 43 (0.4)

2 May 123 (1.0) 143 (LO) 2.7 (L.3) 92 (0.0 2.5 (0.4)
August 158 (0.6) 168 (0.5 17 (0.6) 13.0 (1.2) 44 (0.5)
November 152 (0.7) 175 (0.0) 0.7 (0.2) 125 (0.5 4.3 (0.6)

3 May 16.9 (1.6) 181 (1.8 2.7 (0.2) 10.6 (0:5) 3.8 (04)
August 193 (1.5) 201 (1.4) 2.2 (0.8) 13.6 (0.4) 56 (0.4)
Movember 208 (05) 223 (0.1) 0.8 (0.1) 118 (0.3) 5.5 (0.6)

5 May 132 (04) 174 (0.5) 58 (0.1) 13.0 (04) 3.6 (0.5)
August 143 (0.6) 163 (1.6) 65 (1:4) 138 (04) 4.1 (0.5)

November 165 (0.7) 204 (l.6) 3.1 (03) 99 (0.8) 3.5 (0.4)

* ¢learced in March 1991, maize was grown till August 1991, last weeding took-place in June 1991
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increase in the first half of the observation period and a drop in the second half. On
the 5-Y plots the LAI dropped considerably.

The growth of the above-ground parts of C. odorata was well approximated by
Equations | and 2 when the observed dry weights of this species in the fallow vege-
tation up to three years old were used (Figure 1). The maximum dry weight, W,
calculated by extrapolation, was 36 t ha™'. The relative mortality rate, k, was estimat-
ed at 2% month™ or 24% vy, and the growth rate of the biomass, C, at 727 kg ha™!
-month™! or 8.7 t ha™! y~! during the first three years. Dry weight of the five-year-old
fallow was not included, as it was lower than that of the three-year-old fallow, indi-
cating some die-back. This had led to an increase in k, implying that Equation 2 was
not appropriate to approximate the real growth of C. odorata older than three years.

Structure and composition of the fallow vegetation

The structure of the vegetation changed over time. On the 0-Y plots, the vegetation
was made up by a lower stratum of seedlings of grasses, forbs and C. odorata, and a
higher stratum consisting of erect shoots grown from the stumps of C. odorata and
certain other woody species. Seedlings made up 98% of the total number of C. odor-
afta plants. In August, two months after weeding, soil cover was estimated at 61%,; in
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Figure 1, Dry weight increase of the above-ground biomass of C. odorata in relation to the length of the
fallow period. (M measured, — fitted, - maximum biomass: the model W=W__(1-¢™"") was used to

fit the curve),
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October it attained 93%. The vegetation on the 1-Y plots consisted mainly of a dense
stand of erect C. odorata plants and of grasses and forbs that covered the ground al-
most completely. In contrast to the situation on the 0-Y plots, seedlings of C. odora-
ta could not be distinguished from shoots. On the 2-Y and 3-Y plots, there was a
closed canopy mainly consisting of C. odorata. Shoots of this species that had bent
over under their own weight, tangled and formed a horizontal layer half way up the
height of the fallow vegetation. On the 5-Y plots, this layer had started to sag and the
canopy was no longer completely closed.

The fallow age also affected the composition of the vegetation, in terms of both
dry weight and plant density. The proportion of C. odorata in the dry weight of the
total above-ground biomass increased with the length of the fallow period and
reached a maximum value of 94% on the 3-Y plots. On the 0-Y plots, forbs and
grasses made up 33% of the total dry weight, but their contribution dropped to 5%
on the 1-Y plots. On the 2-Y and 3-Y plots these life forms made up barely 0.3% of
the total dry weight, whereas on the 5-Y plots they were absent. The proportion of
other woody species varied between 6 and 21% and did not show a clear relationship
with the age of the fallow. Most plants in this category were small and were growing
in the shade of C. odorara. Only a few fast-growing species like dlchornea cordifo-
lla, Macaranga barterii and Xylopia aethiopica had already reached the C. odorata
canopy after two years.

As regards plant density, C. -:rdamm outnumbered all other components right from
the start of the fallow (Table 3). On the 0-Y plots, C. odorata comprised 56% to 71%
of the total seedling population which consisted further of forbs and grasses. The
dominance of C. odorata in plant density was also found on the other plots, except

Table 3, Densitics (no, of planis m=) of C. odorata, other woody species, forbs and grasses in fallow
vegelations of increasing ages on three times during 199 1(standard error of mean in parentheses).

Fallow Observation C. odorata Other Herbs Grasses
age (yr) date woody spp.

0 August 1811 (71.8) 60 (13) 1206 (4L3) 193 (12.6)
ﬂr:tqhn:: 157.1 {.‘? 1.0} 7.0 (2.8) 49.0 (23.4) 65 (3.8)
| June 49,1 (234) 132 (4.9) 104 (1.1} 147 (94)
. August 46.6 (294) 102 (4.8) 2.7  (1.8) 73  (3.4)
October 222 (9.2) 87 (3.8) 38 (2.0) 54 (34)

2 May 456 (17.00 47 (0.2) nd nd

August 226 (5.8) 35 (0.3) nd nd

November 220 (6.7) 4.6 (1.6) nd nd

3 May - - 21.3  (5.5) 83 (A1) nd nd

August 159 (5.6) 4.0 (1.3) nd nd

Movember 0.1  (0.9) 38 (0.9 nd nd

* 5 May 22 (0.9 26 (0.5) nd nd

August 25 (0.9 L1 (0.2) nd nd

Movember Lo (0.1} 1.5 (0.5) nd nd
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-on the 5-Y. plots where its density was similar to that of other woody species.

In general, standard errors of plant numbers were high, indicating a patchy distrib-
ution over the plot..Plant densities of C. odorata, forbs and grasses decreased with
the fallow age (Table 3). Changes in the density of other woody species were not
clearly related to fallow age, but density was lowest on the 5-Y plots.

A relation between composition and age of the fallow was also found in the re-
_ growth of the Tallow vegetation 40 days after sampling. The soil cover of C. odorata

* ghoots dropped from 25% on the 2-Y plots to 2% on the 5-Y plots, and the cover of
. grasses and forbs decreased from 5% to zero. On the other hand, the soil cover of C.
. odorata seedlings increased from 5% on the 2-Y plots to 22% on the 5-Y plots.
Other woody species covered less than 1% and 2% respectively. The soil cover was
patchy, partly because C. odorate seedlings were most numerous and vigorous
around the stumps of the same species.

Rooting pattern and root biomass of C. edoraia

The rooting system of C. odorata was superficial. On all plots, about 90% of the
-rootswas found in the upper 10 cm (Table 4). Most roots spread laterally and only a
few roots penetrated into deeper soil. The biggest horizontal spread was 445 cm on
the 3-Y plot. The roots penetrated up to 80 cm deep in the 1-Y plot, and even deeper
. in older plots. The root biomass was highest on the 3-Y plot and lowest on the 1-Y
and 2-Y plots; where the amounts hardly-differed. Both primary and secondary roots
appeared to penetrate into deeper soil and some of them did so after having devel-
- oped horizontally first. The root to shoot ratio differed per plot and was lowest on
the 2-Y plot, This ratio did not show = trend in relation to fallow age. Variation was
relatively low on'the 2-Y and 3-Y. plots and high on the 1-Y and 5-Y plots.

Nutrient content

The amount of: nutrients accumulated in the various plant parts of C. oderata in-
creased with the age of the fallow vegetation (Table 5). On the 3-Y plots, the nutrient
content of the above-ground parts plus litter was much higher than that on the 1-Y
plots, but differed only slightly from that on the 5-Y plots. The nutrient contents of
litter and roots were lower than those of leaves and stem and branches. The impor-

Table 4, Root dry weight in 0-20 cm soil, itsdistribution over the soil layers and root:shoot ratio of C.
adarara in fallow vegetations of increasing ages (standard error of mean in parentheses).

Fallow Root biomass Fraction of Ratio

ape 0-20 em soil root biomass root:shoot
(yr) (t ha") in 0=10 cm soil{%)

I 24 (0.7 89 (2) 0.37 (0.13)
2 2.2 (0.1} o4 (D) 0.14 (0.02)
3 6.6 (1.7) a6 (1) 0.29 (0.05)
5 3.4 (2.5 92 (3) 0.20 (0.15)
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Table 5. Nuirient content (in kg ha™') in various parts of C. odorata and in litter of fallow vegetations.of
increasing ages (standard error of mean in parentheses).

Fraction Fallow N P K Ca Mg
" ()

C, odorata leaves . | 300 (L9) 20 (0.1) 228 (15 225 (1.5 9.6 (0.6)
2 239 (24) L8 (0.2) 161 (1.6 218 (22) 383 (09)
3 418 (52) 27 (03) 262 (33) 217 (34) 115 (14)
5 424 (1.2) 2.6 (0.1) 302 (0.8) 222 (0.6) 105 (0.3)
C. adorata stem | 33.0 (25) .23 (0.2) 842 (64) 19.1 (L3) I1ls (0.9)
and branches 2 286 (3.5) 31 (04 905 (1L.1) 305 (3.7y 231 (2.8)
3 522 (7.3) 47 (0.7) 1350 (18.8) 479 (6.7) 242 (3.4)
5 513 (23) 43 (02) 987 (44) 341 (L5 230 (L0)
C, avlorafa rools i 232 (6.2) 13 (03) 203 (54) 148 (40) 58 (lL6)-
(0-10 em) 2 1.5 (0.6) 0.8 (0.0) 140 (0.8) 4.7 (03) 87 (0.5
3 40.5 (9.8) 22 (0.5) 302 (7.3) 186 (4.5 286 (6.9)
3 258 (19.0) L4 (LD) 207 (153) 96 (7.1) 152 (11.2)
Litter of the 2 23.0 (15.1) 1.2 (0.8) 42 (2.8) 243 (159) 68 (4.5
tolal vegelation 3 163 (1.9)'0.8. (0.1) 3.6 (0.4) 188 (22) 47 (0.6)-
5 396 (05 1.7 (00 59 (0.1) 3.1 (04 111 (0.1)
Above-ground parts | 630 (3.4) 43 (02) 107.0° (6.8) 417 (22) 212 (LI)
of C, adorata 2 755 (209) 6.1 (1.3) 1109 (154) 76.6 (21.8) 387 (8.2)
plus litter i 3 - 1103 (10.5) 82 (0.9) 1649 (21.6) %44 (7.9). 404 (4.2)
5 1333 (3.0) &6 (0.2) -1348 (52) 875 (1.B) 446 (1.2)

tance of the leaves in the accumulation of N, P, Ca and Mg changed with the fallow
age. On the 1-Y plots, the leaves contained as much of these elements as the stem and
branches, On the older plots, the leaves-contained about 30% of the total amounts of
each of these elements in above-ground parts and litter, whereas stem and branches
contained 40 to 60%. Leaves were not important for the storage'of K,.as on all plots
70 to 80% of the total amount of K had accumulated in the stems and branches. -

Discussion
Vegetation growth, weed suppression and succession

C. odorata showed a fast and uniform natural establishment. The species rapidly
dominated the fallow vegetation because the seedling population is high. At the
same time, some of the plants developed from sprouting stumps, giving them a better
initial start than the forbs and grasses that develop from seeds only. Moreover,.C.
odorata seedlings showed an early stem growth, indicated by the decreasing propor-
tion of leaves in the C. odorata biomass after two months. For this reason they are
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considered strong competitors as reported by Gautier (1992) and Saxena & Rama-
krishnan (1983).

The dominant position of C. edorata led to the suppression of the undergrowth of
forbs and grasses during the first two years of the fallow period. Extending this peri-
od reduced the development of herbs in the regrowth after clearing, indicating the ex-
haustion of the seed bank. Probably seeds in the soil gradually lost viability because
the shade of the dense and leafy C. odorata canopy prevented them to germinate. The
horizontal layer of tangled C. odorata shoots in older fallows is thought to have en-
hanced this effect of shading. Hence, a fallow period of at least three years is desir-
able to facilitate weed control in crop production on land cleared from C. edorata.

Leaf fall which occurs during the dry season (Slaats, 1995) explains why the C.
odorata dry matter increased mainly from May to November and why the leaf dry
matter and LAI peaked between May and August. The high rainfall between August
and November probably stimulated decomposition causing the sharp decline in the
amount of litter accumulated on the vegetation floor. The decreasing number of C.
odorata plants over time implies that little labour is needed for clearing when the
vegetation gets older. Although stems become more lignified over time, the wood is
soft, so felling hardly requires an effort. The falling density of C. odorata plants also
implies a gradual reduction for weed control efforts during the cropping period,
when the regrowing C. edorata stumps are the main non-crop plants. A similar de-
crease in the number of C. edorata plants was reported in studies in northeastern
India, It was explained by a diminishing seed production after the third year and an
increased mortality of seedlings and shoots as a result of strong inter- and intraspe-
cific competition for resources (Kushwaha et al., 1981; Yadav & Tripathi, 1981). In
the older plots of the present study, the plant density of other woody species declined
more gradually with the fallow age than the plant density of C. odorata, whereas the
proportion of the former species in the total dry matter increased. Moreover, their
shoots were able to penetrate the disintegrating C. odorata canopy. By providing
shade these species hamper the further development of C. edorata and so gradually
become dominant.

The above- and below-ground C. odorata biomass peaked in the third year. It is in
line with the fallow vegetation development in northeastern India, where C. odorata
and Imperata cylindrica are succeeded by other shrubs, trees and bamboos after five
years (Toky & Ramakrishnan, 1983a). The mathematical expression for the dry
weight increase of the above-ground biomass over time also indicated that there
- must have been a die-back after the third year. Competition from other woody
species certainly played a role in this. But other factors seemed to be involved as
well, given that C. odorata declined even on places where there were no tall tree
shoots or shrubs, Possible reasons for the decline are the low soil fertility or the
plant’s inability to maintain its large, semi-woody support structure.

Mutrient aceumulation

The rate of nutrient accumulation was highest during the first year; this may be the
result of the well developed lateral rooting system. As in forest fallows
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(Bartholomew et al., 1953; Brubacher ef al., 1989), the content of leaves contributed
considerably to the nutrient accumulation in the early stage of development, while in
subsequent years it increased less than that of other plant parts, notably the stem and
branches, The amount of accumulated nutrients increased up to the third year of fal-
low, Probably most nutrients are extracted from the topsoil because roots hardly pen-
etrate into deeper layers.

Figure 2 shows that the pattern of nutrient accumulation in the C. odorata fallow
in Taf is similar to those of the forest fallow in Tai during the first three years (Jaffré,
1985: Jaffré & De Namur, 1983) and the bush fallow in Belize (Brubacher et al.,
|989), Nutrient accumulation was somewhat lower in the fallow vegetation in north-
eastern India that during the first five years was dominated by C. odorata and
Imperata cylindrica (Toky & Ramakrishnan, 1983a,b). On the other hand, it was
much higher in the Acioa barterii fallow in Nigeria (Nye & Hutton, 1957) and in the
forest fallow in Zaire (Bartholomew et al., 1953). During the first two years of fal-
low, however, neither the uptake rates nor the amounts of N, K and Ca+Mg accumu-
lated in the C, odorata fallow in Tai differed from those in the forest fallow in Zaire.
In the fallow vegetation of the present study, the accumulation of dry matter and nu-
trients levelled off after three years. The accumulation of P was low both in the C.
odorata fallow and the forest fallow in the Tai region, indicating the limited supply
ol the element in this area, as reported by Van Reuler & Janssen (1989, 1993).

C, adorata as fallow species

Qualities that make C. odorata a suitable fallow species are the rapid establishment
and soil cover, and the ability to suppress herbaceous species and to accumulate as
much nutrients as other fallow species during the initial fallow period.

As for soil fertility maintenance, nutrient and carbon contents in vegetation and
topsoil under C, odorata fallow are likely to be lower than those under a mature for-
esl fallow because the fallow period is shorter. Consequently, a smaller quantity of
nutrients will be released after clearing and the initial nutrient status will be regained
earlier during the fallow period. These characteristics may explain the relatively
large yicld decline in prolonged cropping on land cleared from a C. odorata fallow
after a initial maize yield of about 3 t ha™' (Slaats, 1995). They also imply that losses
of nuirients due to run off and leaching after clearing are relatively small as a larger
proportion of the nutrients is taken up by the crop. Thus the C. odorata fallow sys-
tem has a more intensive land use than the traditional forest fallow system, an ade-
quate control of weeds, a satisfactory yield when cropping periods are short, and
probably an efficient use of the nutrients present in the vegetation-soil system.

With regard to the length of the fallow period, the present study showed that the
presence of the herbaceous species in the C. odorata fallow vegetation was effectively
reduced and the density of C. odorata stumps had considerably decreased after three
years, At the same moment, the biomass accumulation and the uptake of most nutri-
ents in the fallow vegetation had reached their maximum values. Therefore, a fallow
period of three years is considered optimal for both reducing the weed pressure and
contributing to soil fertility maintenance in a semi-permanent crop production system.
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