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Accumulation of N, P and K in. the vegetation of -shifting cultivation (r.nilpa) falow
sites aged one, two and three years aftgr abandonment .was measured' in the semi-
evergreen tropical forest region of Belze, Central America. . Accurnulation of nutrients’
in the total leaf compartment rapidly reached a plateau Ievel.- with ;1.9 g.m‘"2 N, 0.26
] 'g.m‘2 P and 4.7 g.rn‘2 K in the leaves of three year old falows. Patterns of accu-
mulation of nutrients in the total stem material varied for N, P and K: N increased
:;eadlly from a level of 1.9 g.m‘2 in one year old fallows at a rate 6f about 2.0
g.m‘2.y‘1: K was accurmulated rapidly' in one year old falk;ws, reaching a level of
53 gm™2, but further increase in clder sites was much sloWer;‘_levels of P increased
slowly from 0.17 g.r'n‘2 in one year old sites at a steady rate of about Q.15
g.m'2. =1, I the végetation of threa y"ear old fallow sites total levelg of nL.Ltrients
in leaf and stem were 103 gm™2 N, 073 gm™2 P and 132 gm™2 K. After only
three years these levels of N and K were already half of what w;re estimated in a

nearby 45 year old forest site, as reported by Lambert et al (1330).

When nutrients in individual species were considered, high concentrations of N, P

and K were found in the leaves of Carica papaya,. high éohcentrations of N and P in
" the leaves of Eupatorium odoratum and high K in leaves of kesne sp. Nutrient con-
centrations in stems were much lower than the levels found in leaves. Differances
in nutrient concentrations among famiies of plg.nts were also found: the Compositae
had”generally high concentrations of al three nutrients, the Leguminosae had high N
concentrations and low nutrient concentrations were found in the Sapindaceae and
Gramineae. Concentrations of nutrients appeared to be srelated to the successional

status of the plants, with higher concentrations found in opportunistic species than in



later -succession;al species, suggesting different ;strategies for nutrient utiization. ‘

As early as ;.he end of the first year, woody [feforms dominated the fallow‘
vegetation, accounting for 80% of the total bicmass, whie herbaceous spec:es
accounted for only 20%. ln two year old and three year old fallows the herbaceous
component was eliminated, as trees became dominant This rapid dominance by
woody species is vital to good fallow .ma.nagement as these species tend to control |

population” levels of agricdltura[ly noxious herbacecus species and play an important

role in the rapid recovery-of nutrients from below the rooting zone of crop plants.

s



RESUME

La végétation poussant dans des champs mis en jachére depuis un, deux et trois
 ans, selon la pratiqfx‘e-d‘alte_rnanca de culture et jachére suivie dans la rééio_n. fut
examinée afin de détermirer la teneur en N, P et K de ces plantes dans la zone deq‘
féret tropicale dominée par les essences & f'euille; semi-persistantes en Béiize,
Amérique Centrale. La teneu:: en éléments nutritifs dans le' feullage atteint rapidement
un plateau, ‘av_ec‘ des niveaux de 4.9 gm'2 N, 0.26 g.m"2 P et 4.7 g.rrl‘2 K dans
les feulles . des plantes dans les jachéres de trois ans. L'accumulation de ces
eleme;lts dans les tiges fut plus variable: N augmente doucement au taux de 2.0
gm —2an-2 2 partir du niveau de 1.8 g.nn‘2 dans les Jacheres dun an; K atteint
rapidement le -niveau de 5.3 g.i'n‘2 dans les jachéres dun an, mais augmente peu
dans les sites plus vieux ; la teneur en P augmente lentemenlt au taux de 0.15
g.m‘z.an—1 a partr du niveau de 0.17 gm‘2 dans les jachéres dun an Dans les
jachéres de trois ans, les niveaux d'éiéments nutritifs dans les feulles et les tiges
étaient 10“.:: g.m‘zn N, 0.73 gm"e—P et 132 gm"z, K. Aprés seulement trois ans, les
1

niveaux de N et K avdient déja atteint la moitié des niveaux observés par ‘Lambert

et al. (1980) dans les foréts avoisinantes agées de 45 ans.

Si I'oh considére les ééments nutritifs présents dans diverses espéces de plante-si
on retrouve de fortes teneurs en N, P et K dans les feulles de Carica papaya, de
fortes teneurs en N et P dans les feulles dEupatorium odoratum et une forte ten—
eureananslesfeuﬂlesdeh-esmesp Lateneurenélémentsnutntrfsétaitbeau—
coup plus faible dans les tiges que dans les feuﬂles. Des cﬂfférences furent aussi
notées'pou.r différentes familes—de plantes: les Qon'pos:tae contenaient beaucoup

decesvoisélémentsetbsLenghosaecmtenajeMbeaucalpdeN;-morsquebs
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Sapindaceae et Graminae avaient de fables teneur en N, P et K La teneur en
dléments nutritifs semble asscTi®e au stage de succession ol fon retrouve normale-
ment, une espdce; une plus forte teneur fut notée dans les espaces goionisatrices
que. ;ians les espécesl s’ms-tallant plus tard dans [a succession, indiquant une

différence possble dans la stratégie dutiisation d'éléments nutritifs.

~

Dés la'f‘m de la premiére année, les essences ligneuses dominaient la végétation
des jachéres: représentant 30% de la biomasse 'tqtale, _contre 20% pour les plantes
herbacées. Dans les jachéres de deux et trois ans, les arbres étaient devenus domi-
nants et les 'plar‘nes herbacées étaient éliminées, Cette dominance rapide par Iés
especes [figneuses est importante pour laménagement des jachéres, puisque ces
especes [mitent .les populations des mauvaises herbes herbacees et récupérent rap—
idement les éléments nutritifs qm se trouvent au-dela de la zone des racines des

plantes cultivées. T



Se cuantificd la acumulacidn de N, P y K después de uno, dos y tres afos en la
; ;

vegetaciéndebarbedwo‘enzonasdegg-icmturaderozay 'ema.(r:nbn)enla

regidn de bosque tropical semi-perene de Beice. La acumulacion to nutrientes
enelponparﬁrrientofoiar'delbarbechosdeSanos apidaments un nivel
maximo estable de 49 gm 2, 026 gm 2 ara N, P y K
resbecﬁvan'mt;. _

¢ S }

B patrdn de acurmulacidn de nutrientes para el total de fustes

incrementd constantements desde un nivel de 1.9 gmj2 en el b de 1 ano

o con una tasa aproximada de 2 g.m'z.y‘T: el K se acumuld’
arbecho de un aiho de edad, alcanzando un rivel de 53 gm2, $n embargo i

[

emento posterior en sitios mis viejos fus mucho mas lento; los niveles de P se

ementaron 0.17 gm™2 en los sios de un afo de edad a razon de 0.15
mn-z)}”.anla'vegetaciande3a§osdetodaslaszonasdebamedmo,iosriveies
totales de nutrientes en hojas y talos fueron 103 gm™2 pera e N, 073 gm™2
para e P y 132 gm~2 para el K Despus de 3 anos_los niveles de N y K se
recujeron hasta la mitad de lo que fue estmado en una zona aledana hace 45
anos, segun lo reprtado por Lambert et.al (1980).

Ncorﬁd«&Mmﬁentesporespede,seMéunaaﬂamr&adonde
NmedfolajedeCar'napapayaydeKenlashojasdereﬁ\esp.La
cumﬂradéndemtientesmbstabsfuemdyomﬁsbajammhsho}a&%r
otra parte, se encontraron dferencias en las concentraciones de .ru*b-ienties entre
famiias de plantas: la famia Compositas tuvo en general, altas concentraciones ce
bs3‘mtrimtes,hfaniaLeguni\osaemvoaJtasconoent'admesdeN,ybajas
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concentraciones de m.t'ientes fueron encontradas en las famiias Sapindaceae Y.

Graminae. Al pareca‘ las cqncent:aciones de nutrientes estan relacionadas al estado

sucesional de la vegetac:on ya que las concentraciones mas altas fueron

encontradas. en especies oportunistas en comparac:on a las haladas en especios
sucesionales tardias, sugriendo esto laf presencia de diferentes. estrategias en la

utiizacion de nutrientes,

Las formas de vida arbustivas dominaron la vegetacion de barbecho
premamrammtehacadfmlddprma-amrepresmtmdod%%delabiomasa
total ment'as Que las herbaceas representaron solamente un 20%. En Ios barbechos
de2y3anosdconpaienteherbaceofuee&madowando-lasformasarbusﬁvas
fuerondammmLadormwmdelasespeaesarbustvasesvnalparaelbuen‘
mane;odeibarbed‘noyaqxeemsespecestendmacontrolarlosmeies
poblacionales de las especies herbaceas nocivas para la agricultura ademds de que
juegan un papel importants en la recuperacion espédita de nutrientes de debajo de
la zona rizomal de las plantas de cultivo.
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INTRODUCTION

e

Food production Vin the developed coq.ntries of the north and the Ie_ss developed
countries of the south is fundamentally different. The .produ.ction of food in much
of the industriaized world has become a highly mechanized,‘ energy-intensive
endeavor in which high yields may be obtained from the sol with a minimal input of
human labour, Much of the world hov.}ever derives its food supplies from an agricul-
tural syétem which has been practiced in various forms for hundreds of _years:
shifting cultivation‘ In spite of the low yields achieved in shifting cultivation (‘Watters.
1971) and the high labour requirement per unit of output in this sysfem as com-
“pared to mechanized agriculture (Clark and Unl, 1984), shifting cultivation is the most
widespread farming system in the tropics (Okigbo, 1884). The system feeds over
250 milion .people (Nair and Femandes, 1984) and occupies 44% of the potentialy

arable or grazable land in tropical regions (Sanchez, 1976)

In other areas of the tropics and subtropics, shifting c_ultivation has been an
appropriate land use strategy in the past, but is now facing severe socio—economic
and ecological pressures. Increased population, government restrictions on the use
of forest reserves, increased private land ownership especially’ for cattle ranches,
resettlement due to wars ;nd calamities and the introduction of cash crops have
individually or in combination placed restrictions on the shifting cuitivator (Nair and
Ferpandes, 1984). However, the transition to more productivé cropping systems,
even when appropriate technologies exist, is often hindered by unfaQourable eco-
nomic conditions (Rutherberg, 1978). Shifting cultivation wil, for better or worse,
continue to play an important role in feeding many peoples of the tropics‘ well-into
the future.



[t has_been widely recognized that shorfeﬂné of the fallow period in the shifting
cultivation cycle, due to decreased land avaiabfity, leads to declining soil fertiity,
. increased soil erosion, loss of nutrients from the agroecosystem, increased weed
problems and increased crop pests (Nye and Greenland, 1960). An understanding of
the detaﬁs of fallow development, both in terms of nutrient uptake and species
composition, would therefore appear to be of major importance to understanding
and improving the system (Gomez-Pompa and Vazquez-ﬂ’anes, 1974). However, in
spite of the importance of the fallow to traditional agricultural systems, very [ttie is
known about the ecology of fallow suécession, or the consequences of_ falow deg-
radation in terms of vegetation dynamics. Furthermore, tropical succession in general
has been studied less intensively than temperate succession and is not wel under-
stood. It should be evident that a much greater research effort must be devoted
to ~tropical plant ecoiogy than has occwred in the past, if these important ecosys—
tems are to be wel managed in the future. There is an immediate need for an

understancﬁng' of these systems as they are currently undergoing rapid change.

1.1 SHFTING CULTIVATION DEFINED

Shifting cultivation has been defined as an agricultural system in which temporary
clearings are cropped for fewer years than they are left faﬂo;ﬂ {Sanchez, 1976).
The relation between the cropping period and the fallow period has been ﬁsed to
distinguish between different agricultural systems by the calculation of an index of
intensification, R, {Ruthenberg, 1976) where:

years of cropping

R = X 100 Egnl.
years of cropping and years of fallow

Thus a system involving two years cro;:ping followed by four years of fallow would

e



be assigned an R-value of 33. On this basis, four types of land-based cultivation
have been defimed (Fig. 1), with shifting .cultivation encompassing those systems with
R’ less than 33. “Whie these lmits are rather arbitrary, they have become generaly

accepted (Norman, 1879).

Many different names are used to refer to systems of shifting cultivation; ‘swid-

den_agriculture’, a term fagfﬁ:y anthropologists (Norman, 1978}, ‘slash ar‘ad burn’
a descriptive term referring to method of land preparation, and ‘fire aériculture'
(Smith, 1972), another descriptive term. Many local names such aé ‘milpa’ (Mexico and
Central America), 'jhum’ (ndia), hanumo’ (Philippines), and chitimene (Z2ambia, Tanzania)

are also used (Ckigbo, 1984).

———

.2 SHFTING CULTIVATION IN BELIZE, CENTRAL AMERICA

n Belze and throuéhout Central America and Mexico, the name ‘mipa’ is used to
degribe the method of shifting cultivation that has traditionally been practiced The
term _.'milpero' is used to designate a person who farms a mipa field The mipa cycle
begins with the final selection and clearing of a plot of fallow land in December or
January (Fig. 2). In Succotz, Cayo District (Fig. 3), land is selected which has been
left falow for a period of 1-15 years, with 7-10 years being most common In
other regions of Central America and in parts of Mexico, the systern has degraded
to the point where the average féﬂow length has been reduced to as fhttle as 1-3

years. After clearing, the brush is alowed to dry unti just before the begnning of

the_wet season, towards the end of May, at which time it is burned

Maize is planted after the first rains, using a heavy pointed stick to make holes
in the soil at one meter intervals into viﬁch four seeds are planted COther crops

_such as squash, climbing beans and \'rarious root crops may be intercropped with



Fig.1. Land-based Cultivation Systems

{adapted from Ruthenberg, 1976)

Note: See eqn.1. for definition of R.
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Fig.2. The Mipa Cultivation Cycle at Succotz, Belize.

(adapted from Lambert and Arnason, 1986)
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Note: The cosecha is a wet season crop, the yaxking a dry season crop.
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the maize. During the wet season many of the miperos find work as labourers else—
where in the distnct and thus may have lttle time to tend the milpa. The harvest of
the rainy season crop, or ‘cosecha’ as it is caled occurs towal_'ds the end of
August and September. After the ears have dried they are stored with husks intact

for better protection from insect damage and are then used as required

In November a second, though less common and | important crop called the
'vaxking' or dry season crop may be planted. For this crop, corié,isthg of maize and/
. or beans, vegetation which has grown up after thé previo:s b;,u')n is cleared but not
burned. The following May the site is cleared and burned once again in preparation
for a second cosecha. Generaly a second fallow site wil also be brought into culti-
vation so that each season both a first cosecha and a second cosecha crop wil be
in progress. After the second cosecha the land is left falow. To some extent a
mixing of tracﬁtwnal mipa farming witk_other- activities, such as wage work as
labourers, is occurring. The result is a reduction in the sophistication of mea. farrrmg.

with less use of intercrop species and less careful weeding activity.

Although some immigration has been occurring in the region around Succotz, this
is not extensive and has not yet placed .excessive pressure on the land base. The
' average area of land that a mipero keeps under cultivation in this region has been
estimated at 3 to 4 ha (Hartshorn, 1984), although less area wil be planted when

the farmer finds work elsewhere during the rair{y season.

1,3 ECONOMC CONSIDERATIONS

Whie an evaluation of the economic considerations relating to systems of shifting
cultivation is wel beyond the scope of this study, a brief examination of some key

points should help to place this work in the broader context of agricuttural develop-



11

ment.

In 1969, only 12% of the fertlizer used in the world was consumed in the trop-
ics, although half of the world's land lies_within tropical areas (Norman, 1979). Whie
such inputs could lead to increased yields and in some situations even 10 permanent
agriculture (Sanchez et al, 1982). a lack of reasonably avalable capital and unfa-
vourable price relations between the cost of inputs and the price of produce has,
impeded the transition to more caprta.l mtenswe higher “yielding systems (Ruthenberg
1876). Poor transportation faciities in many developing countries have further
impeded the adoption of economicaly integrated p:oducﬁon systems by driving up
the cost of inputs such as fertlizers, as wel as reducing outlets for ;;ro'duce ar‘wd
decreasing the proportion of the market price that the farmer receives (Grigg, 1970).

Frequent flooding may cut. off transportation of produce to markets altogether

(Hartshorn, et al, 1984). Because of the need for foreign exchange, agricultural
extensim_sérvices and capital nvestment has usually focused on larger-scale .ex'port
crop producers, overlocking the smal-scale, serni-subsistence shifting cultivators
(Watters, 1971, Robinson and Furly, 1983). -

Shifting cultivation is currently in a state of tension from an economic point of
view. On the one hand, shifting cultivation has moved more and more from a sub-
sistence economy towards integration with a market economy to which it is not well
suited On the other, major economic blocks exist which make _the transition from

shifting cultivation to more capital intensive systems difficult at the least

E LY

1.4 THE ROLE OF THE FALLOW

At the same time that economic factors have placed- pressure on shifting cultivation

systems, ecological factors have forced immedate changes to the system. Increased
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_pressure -on land;’ for the rea'Qns mentioned earfer, has decreased the period of
-.tirqg's'_that land may remain in falow. In many cases this has led to a degradation of

- the systems from a’ previously balanced furm of land use (Ruthenberg, 1976).

Begause of the re'_étxirem.ent for a long falow period, shifting cultivation is an

extensive - form of-‘agriculture which requires large areas of land 'to suppé}t rela-
N

tively small populations (Watters, 1871). Under conditions where sufficient land is

available to the shiffiné cultivator the traditional system works wel, maintaining nut-

rients in the agroécc-asystem, pr‘ev‘enting sol erosion and controfing v_\_.r_eeds (Nye and

Greeniand, 1960; Rappaport, 1976; Denevan et al, 1984). Under these conditions,

shifting cultivation is an ecologically sustainable farmind system

The fallow pgriod in si"ﬁiting cultivation plays two important roles in preparing a
site for the next cropping cycle. It helps to maintain sol fertiity and ensures that
weed 'popu!ations. do not becérﬁe unmanageable. in tropical regions where tempera-—
tures are suitable for uninterupted growth all year round, falows may be consid-
ered to play a role analogous to that of winter in temperate regions. in the case of

the fallow though, weed control is achieved throu-g-l: a successional process, nhot
through extreme climate. -
. P
For the farmer, falows are also of inherent value as they supply firewood,
building materials, medicinal plants and a habitat for animals which may be utiized as

a food source.

1.4.1 CONTRBUTION TO SOL FERTLTY \

Soi fertlity encompasses a range of both physical and chemical parameters (Brady,
1984; USDA, 1957). The abiity of the sol to hold cationic nutrients such as K,

" referred to as cation exchange capacity (CEC), ensures that these nutrients wil not

p—



be leached out of the rooting zone by heavy rains. A reserve supply of these nut-
rients is thus held in an equilbrium with the soil solution. As cations are removed
from the soll solution by plant roots, hydrogen ions are released from the root and.
these exchange with other cations'in the cation exchange complex. As long as suffi-

cient CEC exsists, stocked with adequate amounts of nutrient cations, the supply of

these nutrients in the soil solution will be replenished.
\

The CEC of a soil is determined by\t\:oth the mineral composition of the sol, and

tha amount of organic matter (oM) presént. Addition of OM to sois thus becomes

important since decomposition of OM increases the humus content of the sol and

£
Py

~ . s . . .
thereby the capacity of the soil to hold nutrients. Organic matter is also very
important in developing soil structure, which is important in reducing runoff, compac-

tion and erosion

The mineralogy of the sol is also an important determinant of CEC. Clay miner-
als are classified on the basi§ of the number and arrangement of siica and alumina-
magnesia sheets contained in the crystal layers which make up the clay particles
(Brady, 1984). Those having twdb siica layers sandwiching one alumina layer are
termed 2:1-type clays and include montmorilonite. Those with one layer of siica
alternating with one alumina layer are termed 1:1-type clays, of which kaolnite
most common. I[n general, montmorilonite may be present in sols which have not
undergone extensive weathering processes. As weathering proceeds, montrmorilonite
giv'es rise to kaolnite—dominated sols. Under conditions of severe weathering, kaol-
rﬁté may be weathered further to form oxides of iron and aluminum, é;;ch as are
found extensively in the Amazon basin. The CEC of 2:1-type clays is higher than"
that of 1:-type clays which in tum is higher than in Fe and Al oxides. Therefore, .
in general, highly weathered sols have lower CEC than sols which have undergone

4

less weathering. Als;\smdated with the weathering process is a decrease in pH so
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that highly weathered soills are also very acidic.

4 ‘The base status of a sol refers to the proportion of the .CEC ogcupied by
cations other than hydrogen or aluminum. 'Acid soils such as Oxisols and Ultisols are
dominated by these two ions and.are said to have a low base saturation {Sanchez,
1976). Because the CEC is saturated by hydrogen and aluminum, these SSES\_\ have
little capacity to retain other cations, referred to as bases, such as K, and theréforg
these nutrients are readly leached out of the upper soi horizons. Akaﬁe soils suc?;
as those developed over mestone parent material may have a higr‘base saturation
and ax%’ less susceptble to loss of nutrients by leaching. Furthermore, since these
solls have not advanced as far along the weathering series they have higher CEC as

—_—

well
! L J
Based upon these fertiity properties of sois, Jordan and Herrera (1981} have

proposed two nutrient cycing strategies. An oligotrophic strategy is adopted by eco-
systems that are based on highly weathered, highly acidic and very infertle sois

éuch as the Oxisols of the Amazon basin A eu.trophi-c strategy may be found on
nutrient-rich solls having high base saturation and high CEC. Whie nutrient leaching in
eutrophic systems may- not be great enough to affect vegetative development

.. /ﬂ-larcombe. 1977), in oligotrophic systems, many adaptations have been made by the
vegétation to faciitate very efficient nutrient cycing. When the vegetation of ofigo—

ophic systems is removed, leaching of nutrients,’ most of which were stored in the
vegeta;ve biomass, can be very severe (Jordan and Herrera, 1981). Whie these

two categories are extremes on a continuum, it is important to keep them in mind

when considering the role of nutrients in tropical ecosystems.

Fallow vegetation contributes to soi fertlity in several ways. Throughout the

~

fallow period, leaves and stem material fall as tter. Decomposition of this material

¥ %
regisres OM levels in the sol thereby increasing CEC (Nye and Greenland, 1860). Root
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growth and root exudates improve sol structure, loosening and stabiizing it

(Sanchez,_ 1976), as wel as providing an environment for sol organisms. The activity

of soll organisms is important in decomposition processes and in improving soll struc—

ture (Brady, 1984).

-

Growth o?' fallow vegetation conserves nutrients zn the agroecosystem by stor-
"ing them in the biomass, thereby reducing potential loss by leaching. In this respect
deep—rooted .faIIow species are able to recover nutrients which have been leached
out of the rooting zone of crop species and thus-play an important role in maintain-

ing these nutrients in the system (Norman, 1979).

1.42 WEED MANAGEMENT

, ”
The term ‘weed’ wil be used to designate any plant growing in an agricultural field

hich was not intentionally planted there. "Weed control' refers to a reduction in
tw yield-reducing effects of weeds on crop plants. Weed control may be accom-
plished by the elmination of weeds, but .it may also involve a reduction in the net
yield-reducing effects of weeds by replacng more noxious weeds (those that have
a large negative effect on yield) by species which are less problematic from an

agricu!tﬁral perspective. |

Burning of fallow vegetation leaves the soil relatively free of weeds during the

frst year of cultivation (Ruthenberg, 1976; Uhl and Jordan, 1984; Lambert and

—

Amason, 1986). With subsequent use of the land however, weeds become 'rnor6
abundant, to the point where they may become the primary fat:to; leading to the
abandonment of the piot (Nye and Greenland, 1960; Ruthenberg, 1976). Sanchez
(1976) suggested that whie decining sol fertlity may be the cause for abandonment

of low base status sois, weeds are lkely to be important on the more fertie high
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base status sois.

Not all non-crop plants are equally detrimental to crop prociuction. Rappaport
(1971} 'note'd that in New Guinea, shifting cultivators weeded out only herbaceous '
species; tree seedings were protected as it was recognized that they played impor—
tant roles in the eventual regenera.tion of the falow. In Mexic_o, shifting cultivators
utiize a terminclogy which recognizes- both ‘good’ and ‘bad’ weed species, and selec-

.tive weeding is carried out accordingly (Chacon and Gliessman, 1982).

Weeds may be beneficial o the traditional tropical agroecosystem in several
ways. They provide a cover for the soi, thus reducing sol erosion (Moody, 1975),
they retain nutrients in the agroecosystem {Lambert and ‘Armason, 1986) and deep-
rooted species recover nu.trienfs from depths beyond the rooting zone of the crop
(Rappapo&, 1971). Species of weeds may also alter the proportions of harmful and.
beneficial insects, and may offer potential in the management of more harmful weed

species by less harmful ones (Chacon and Gliessman, 1982).

In spite of the contributions of weeds to the agroecosystem, weeds reduce
crop yields and must be controled {(Moody, 1978). In systems of shifting cultivation,
weeding is a very labour-intensive process, the only tocls being the hoe or machete.
Furthermore, the absence of a severely curtaled growing season such as winter as
in temperate regions means that weed growth may continue al year. When the
effort reqnﬂ;'ed to control weeds beco:nes. greater than that required to shift to a
new plot, the site is abandoned and a new site wil be cleared (Sanchez, 1976).
During‘ the resulting fallow period weed control wil proceed through a successional
process in which herbacsous weeds and grasses are replaced by bush re.grou&h
(Nye and Greenland, 1960).
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1.4.3 CONSEQUENCES OF SHORTENED FALLOWS

Shortening. the faIlow and lengthening the cultivation period leads to increased weed
problema This is due ‘to a shift in the weed population from successional forest tree
species to rapidly reproducing herbs and grasses. If grasses take over, they may
become very difficult to control ~Burning does not destroy the underground rhi-
zomes_.by which many grasses undergo exteksive vegetative reproduction. COther
plants such as bracken fern may simiarly estabfish and inhibit the normal course of

succession to secondary forest

In Nigéria for example, bush 'fa.IIow species "gave way to herbs gnd grasses as
cultivation periods were extended (Moody, 1975). If the land was abandonded at this
point, the bush fallow re-established and control of weeds proceeded However if
cultivation continued, ‘:th_e succession - c->f weed species proceeded through arable
weeds and. sma.ller' grasses to bracken fern, which is very difficult to/xGntrol
Saxena and Ran:\akrishnan (1984) found that short falow cytles in NE India led to
higher weed growth, as the succession was ‘arrested’ at a stage ‘dominated by her-
‘_baceous species having high reproductive capabiities and produced seeds which-
remained viable in the seed bank untl the next cropping period. In longer cycles, her—
baceous species were replaced by bamboos and trees. Not only was.- the viable
weed seed bank reduced, but the higher intensity of the burn due to the greater
amount of fuel in these fallows was more effective in kiling weeds at the start of
the next cropping cycle. In Belize, Cayo District, Kelman and Adams (1970) fouhd
that the weed flora of fields under permanent agriculture consisted primarly of her—
baceous species, many of which were of widespread geographical distrbution (pan-
tropical or pan-american). Fields under shifting cultivation contained weeds of more
local distrbution, many of which were woody species of the surrounding successional

forest
3
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More intensive land use may lead to increased yields per unit area, however ';:he
consequence E’ that the gegrowth -of fallow vegetation wil take longer, and the fal-
low period itself wil be shorter (Ruthenberg, 1976). Thus the benefits of the falow,
both in terms of weed control and in soil conditioning wil be reduced. The system
then changeé from a condiﬁoﬁ of balanced exploitation’ to one of ‘scil minng’, and

the labour required to maintain yields increases {Ruthenberg, 1976).

In order to gain a fuller understanding of the consequences of shortened fal-
lows, a general understanding of the processes involved in vegetative succession in

the tropics must be achieved

1.5 TROPICAL SUCCESSION -~ - e

Vegetation—succession may be defined as the sequence of change folowing a dis-
turbance (Mcintosh, 1980). It is generaly .differentiated from fluctuation by qualifying
that the change is drected, leading to a different ‘type’ of vegetation community
(Miles, 1979). The wide range of tropical environments, from the humid lowland
tropics through tropical and subtropical seasonally dry regions to tropical alpine eco-—
systems has led to a large variety of successional communities (Ewel, 1980), equaly
as diverse as the models of succession proposed to describe su.c;ce&cion in -temper-

ate regions (see Mcintosh, 1980 for review of these models).

Connell and Slatyer (1977) proposed three models to describe different pro-
cesses that might occur during the revegetation of an area: the ‘faciitation’ modei,
the ‘tolerance’ model and the ‘nhibition’ model In each case ‘opportunist’ species ini-
tialy colonize the avalable space but are unable to reproduce in the presence of
other ndivnduaks. Hence they are restncted to recently dsturbed areas. The way i
which these species are replaced is where the models differ. n facilitation, later
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species can only. grow after the early species have modified the environment in
some way. The tolerance model suggests that later species can invade and grow
to maturity in the presence of early species due to their abiity to tolerate lower
resource levels. The inhbition model suggests that the first species to arrive wil
resist invasibns by lé.ter species and that these later species wil only be able tc;
reac[w mé.tu.rity after the earfer speci‘es release resources upon their death or dam-

age. These models shal be used as a loose framework within which to focus a

brief description of several factors involved in secondary succession in the tropics.

Pomeroy (1970) has suggested that from the v;ewpiont of nutrient cyclng, suc-
.cession is a process through whichA early plant populations accumulate sufficient nut-
rients to allow the establishment of subsequent populations. Harcombe (1977) noted -
that the.growth rates of the early successional species in the area he was investi-
gating were relatively constant, rather than highly variable when varying leveis of
nutrients were avaiable. Whilé highly variable growth would be expected in plants
that were adapted for the exploitation of sudden increase$ in the supply of avai-
able nutrients folowing forest removal, Harcombe (1977) suggested that a constant
rate of growth is an adaptaion for the utfization of the slow but relatively reliable
inputs of nutrients from soil weathering or from the atmosphere. Hence' the rate and
course of succession may be determined by the abiity of plants to accumulate nut-
rients. As previously mentioned, Jordan and Herrera {1981) have emphasized that not
all tropical forests are the same in their nutrient cycing charat_q‘terisﬁw and have dif-
ferentiated oligotrophic systems based on very infertie solls from eutrophic systems
based on sols richer in nutrients. The volcanic sois of the system that Harcombe
(1977) studied would fal into this second group, so it is not surprising ﬂ'xa:c he did
not obtain a great response to m.gtient additions in his study (Jordan and Herrera,
_1881).
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The consequence of the highly evolved adaptations of vegetation in oligotrophic -

systems to low soi fertiity, as discussed earlier, is that whie the amounts of biom-
ass are simiar in both olgotrophic and eutrophic systems, in oligotrophic systems
practically al the nutrients are held in -the biomass. Hence disturbance o.f an oligo—
trophic system would have a more severe effect on nutrient cyclng than would a
disturbance of a eutrophic system. In terms of the models of Connell and Slatyer
(1977), we might consider that in an oligotrophic system opport_:uhist species may

faclitate growth of later species by preventing loss of nutrients from the system.

A éecond major factor influencing tropical succession is the means of reproduc-
tion. ’In the humid tropics, where there is abundant moisture and warm tempera-
tures throughout the year, revegetatién following disturbance arises predominantly
from viable seeds alre;dy present in the sol prior to disturbance, or from seeds
which have dispersed into the area following disturbance (Ewel, 1980). Provided that
nutrients are sufficient, growth be rapid due to favourable cimatic conditions.
Thus the ‘window’ for colonization wil be narrow and the species composition of the
resulting successional community wil be determined to a large extent by the species
which are able to contrbute seed at the tme of dsturbance (Webb et al, 1972):
In regions having a dry season the probabiity of successful regeneratién 'from s—eed
is lower and .vegetative reproduction through coppicing becomes important (Ewel,

1980).

Succession in the humid tropics tends to proceed through a number of identifia—

ble phases or ‘seres’, beginning with herbs and vines which commonly have seeds

which can remain dormant in the sol for long periods of time, folowed by [ght—

loving shrubs and longer-lived herbs, then fast-growing pioneer trees and finally
slow—growing, shade tolerant trees. Succession in the seasonally dry tropics is floris-

ticaly simpler however, having fewer seral stages due to the rapid regrowth of
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typically later successional species from shoots (Ewel, 1980).
!

Uhl and Jordan (1984}, after a five year study af succession ‘in an ;angotmpl':ic
site in the Amazon basin, concluded that the tolerance model best described the
process, in which late successional tree species were found to. grow .beneath the
pioneer—dominated overstory, and continued to grow as the pioneer species sen-
esced. In a study in Ghana, Swaine and Hal (1983) concluded that after five years
of sucéession following the clearing of a forest, the only reason why forest species
dd not form a conspicuous part of the regrowth was due to :thei:- slow height
grov;rth, rather than to an inabiity to establish in the presence of earlier successional
species. Again th.e tolerance’ model tends to fit this successional process better than
the facilitation model deoes.

. A third factor which may play an interesting role in tropical succession is the
role of mycorrhizae. Janos (‘1983)- éuggested that changes in soil fertiity and in the
probabiity of mycorrhizal infection can influence succession. St John and Coleman
{1983} sﬁggested that dependance on mycorrhizae wil be greater in seedings, which
‘have not ~esta.blis’ned extensive root systems nor nutrient reserves in tissues, than in
mat-ure individuals. Association with mycorrhizal fungi however does not come
cheaply, and support of the fungus could require as high as 50% of the net photo-
synthate in some host plants (St John and Coleman, 1983). It is clear that the rela-
tive competitive abiities of mycorrhizal vs. non-fnycorrhizai plants wil change as
demand for and avaiablity of nutrients varies. Janos (1980) &sthgtﬁshed three
types of mycorrhizal associations. Oblgate mycotrophs refer to those plants which
commonly lack root hairs and hence rely on the fungus for mineral uptake. They are
adapted to situations in which mineral avalabiity, especialy P avaiablity is low.
Because P diffuses poorly in sols, and is easly rendered unavaiable, P depletion

zones soon overlap around root hairs lowering their efficiency. In situations of low P
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avaiablity therefore, obligate mycotrophs should be generally most efficient
Non-mycorrhizal species should be favoured in situations where the probabiity of
findng a mycorrhizal associate is low, since they have root hairs and can thersfore
out-compsete mycotrophic species which lack theirr mycosymbiont. Areas which have
undergone disturbance may- have such a' reduced avaiabiity of mycorrhizal fungl
Janos (1983) suggested that non-mycotrophs might be expected to have the demo-
graphic characteristics of fugitive species, able to exploit newly distufbed areas
‘before mycotrophic species are able to establish their symbiotic association. The
third group consists of facultative mycotrophs, species which retain foot hairs but
which may establish mycorrhizal associations in infertﬁe sols. Their ability .to grow in
the absence ©f mycorrhizae allows them to establish in early successional “stages,
but due to the cost of maintaining root hairs, they wil be less efficient than obligate
mytotrophs in situations of low fertifity. Janos (1983) suggests therefore that the
condition of obligate mycotrophy wil predominate in mature forest canopy and sub-
canopy tree species whie the facultative and non—-mycorrhizal condition should be
most common in earlier successional stages. The impact of cuttng and burning on
mycorrhizal fung may therefore have a considerable effect on the folowing succes-
sion (Toky and Rarnakrishnan, 1983b).

1.6 OBJECTIVES

This study was iitiated within the context of a long-term study beginning in 1976
and carried out by the Ottawa-Carleton research group, documenting the nature
and problems of smal farm agriculture in Belize, Central America. Studies on ‘mineral
eycing in tropical hardwood forests {Lambert et al, 1980; Amason and Lambert,
1982a) and tropical palm forests (Amason and Lambert, 1982a; Arnason et al,
1984) used for shifting agriculture, indicated that substantial nutrient reserves were



laccumu!ated in the biomass of these forests before they were cleared and burned
for mipa production Although both forest associations developed over sois having
similar nutrien{ statL;s, the palm forgst accumulated greater .biomass and more nut-
rients than the hardwood forest. Phosphorus and Na concentration were higher in
palm forest biomass whie K concentrations were lower than in the hardwood forest.
The high nutrient reserves of the palm forest explained why thrs association was

preferred by local mipa farmers.

During a three year period of mipa cultivation initiated at Indian Chtreh, Ja region
that had not been cultivated intensively for 30-40 years, no declne 'in avaiable nut-
fients was detected (Lambert and Amason, 1986). Ntrogen and OM in the mipa
sols rapidly reached equﬁibrium at lower levels than in tr;e soils of the surrounding
forest, but these levels were maintained throughout the three years. In spite of
maintained sol fertlity, yields of maize decined by 70% between the second and
th:rd cropping seasons. At the same time, weed biomass and ngtrients, aspecially N,
contained in the weeds increased each year (Fig. 4). Reduction in crop yield was
therefore considered to be due to increased competition against weeds for nutrients.
Whﬂé N was conside;;c; tc;be the most critical nutrient in the short term, P was
found to be more critical in areas which had undergone prolonged periods of mipa
cultivation. Comparison of nutrients in crop plants and sois from Succotz, where
milpa farming had been carried out since the Mayan pericd, yith those from Indian

"Chfu@h indicated that avajable P was depleted in sols from Succotz (Amason et al,
1582!::). Yields at Succotz were less than half those obtained at Indian Church
(800 kgha—! and 1700 kgha™! respectively).

The composition of the weed population at Indian Church was also examined
and was found to shift from herbaceous species to woody species during the three

year cropping period (Lambert and Armason, 1986).



Fig.4. Allocation of Biomass and Nutrients During Cropping
at Indian Church, Belze. -

e e e,

(data from Lambert and Arnason, 1986)
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_As a continuation of this ea;rﬁér work, the objective of the present study was
to provide an _insighf into the role of the natural bush falow in the shiftng cultiva—
tion system as practiced at Succotz. Detais of the early stages of secondary suc-
cession were also studied in order to icrease our understanding of the basic
ecology of the falow, as wel as éontrfnuting toward a gener:il_ understanding of

tropical succession

Specifically, the rate of accumulation of nutrients by fallow vegetation was to
bg estimated, plant species that were most mporta.nt during the early stages of
/‘tz:(ow succession identified, and changeé in plant feform groups during the succes—
sion measured The identification of individual species able to accumulate high con-
centrations of nutrients was also carried out This information was to be used in
determining ana_evalﬁating appropriate fallow management strategies. A knowledge of
the total nutrient accumulation by natural falow vegetation after a defined period

of time provides a baselne against which alternative falow management strategies

can be compared in the future.



METHODS -

2.1.1 STUDY SITE

The study site was located at the vilage of San Jose Succotz, Belize in the semi-
evergreen seasonally dry forest zone of dentral America, located at 17905 N,
89°08' W (Fig. 3). Average annual .rainfal is 1300 mm with a dry season from
January to the end of May, and a period of reduced rainfal in August. The land-

scape is hilly and undulating with 2 maximum elevation of 200 m.’ Scis are Rendols

of the Molisol order and have been classified by Wright et al, {1959) as belonging

to the Cuxu suite, developed over Cretaceous lmestone. Field work was carried out
from May to August, 1985 with the aid of three men from the vilage; Feiz Uck,
Lelo Uck and Mirto Uck

-

212 SELECTION OF FALLOW SITES

A total of fifteen sites which had previously been used for mipa farming and then
left f‘allow for one, two or three years were locéted within walking distance of the
vilage. The ages of these fallow sites, or ‘guamies’ as they are localy called, were
determined with the assistance of Feliz Uck, a local mipa farmer, and through con-

versations with the owners who had previously cultivated the sites. Because there
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is a uniformity in the agricultural cycle practiced by the miperos of Succotz it was
possible to _estabﬁsh'with a high degree_of co-nﬁdence g’e age and general land use
history of the sites. Those sites which had been used for a second cosecha crop
during the wet season of 1982 and- abandoned in September of that year contained
weed growth which ha;i begun to grow. the previous May, folowing the last burm
These sites made up the 3 year old sites. Simiarly 2 year old sites h&i been aban-
doned in 1983 and one Yyear site{ were those \-Nhich had been abandoned in
. September of 1984. As the 1985 wet season was unusually dry, growth during
this season was slow and therefore variation due to different samping dates was

not expected to be very important —_

Sites of different ages belonging to one mipa farmer were sampled first, before
beginning those of a different mipero. An attempt was made to select only those
sites which had simiar cropping histories. To this end sites which had been cropped
for two consecutive years, thus having two cosechas were selectec! when possible.
Although sites having only one cosecha were used if insufficient two—cosecha sites
were avaiable, in no case was a 5&9 that had a yaxking (dry season) crop used
No attempt was made to select only lowland sites or only those on hilsides since

there were not enough sites close to the vilage to allow such selectivity.

2.1.3 SAMPLING OF SOLS

At each site three soil samgle ere taken at 0-15 cm _and 15-30 cm depth using
a sol auger. The samples for each depth were pooled and sent to Dr. Marla Holden
at the Belize Central Agricultrual Farm where they were analyzed for. N, K, pH,

organic carbon (OC) and cation exchange capacity (CEC).
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At each site a machete was used to cut a straiéht 40 m rSath from one side of

214 SAMPLING OF FALLOW VEGETATION

the falow toward the centre. Three plots were located 3 m in from this access
path on alternating sides, at 10 .m. 25 m, and 40 m This systematic samping
approach was clgsen over a random mathod due to the difficulty of movement
through the densely tangled vegetation of the falows. A systematic approach
ensured that experimenter bias was not a factor influencing the location of plots

and thereby the results obtained.

At each plot vegetation less than S'm in height was sampled by establishing a
4 m2 quadrat. A rectangular 'quadrat with dimensions 1.3 m X 3.0 m was chosen
to reduce between-plot variabiity due to clumping of vegetation sprouting from
stumps. Vegetation greater than 3 m in height was sampled by expanding the initial
quadrat to 20 m X 60 m, formng a 12 m2 quadrat In this larger quadrat both

trees and their associated lanas were sampled.

In each quadrat vegetation was removed at ground level and separated
according to species. Felz Uck's'considerable knowledge of the local flora was very
useful at this point Leaves were removed from stems and bé:th components
weighed, either in the field with a spring balance or back in the vilage using a triple
beam balance When quantities were less than 350 g (the lowest weight for which
the spring balance was relable). Subsamples were then taken for later determination
of dry weight and nutrient content. Species occurring in' only small amounts were
pooled according to ifeform Voucher speciméns were coﬂe&ed to alow the identifi- _

cation of species.
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22 ANALYSIS OF PLANT MATERIAL \

2.2.1 DRY WEGHT DETERMINATION

Samples from the field were stored in open paper bags. Once a week these were
taken to the Belze Central Agricultural Farm where they were dried in a forced air

oven at B80°C for 48-72 hr. After drying, the samples were kept in large air-tight

plastic bags and transported back to Succotz where dry weight was measured with

a triple-beam balance. Al samples were sent by air to Carleton University (Ottawa,

Canada} for nutrient analysis.

2.2.2 IDENTIFICATION OF SPECES

Plant specimens were identified using the TFlora jof Guatemala’ (eg Standey and
Steyermark, 1946), and herbarium colections at Central Farm and at the University

of Ottawa as references. Colection numbers were assigned and these specimens

‘were deposited” with the Ottawa-Carleton herbarium collections. Whie famiy names

are used as in the Flora of Guatemala, it should be noted that in more recent clas-
sifications, ‘Compositae’ is covered by the famiy Asteraceas, ‘Gramineae’ by the
fam;l\y Poa_.ceae and the family Leguminosae’ is often treated as three famiies:

Caesalpiniaceae, Mimosaceae, and Papilionaceae or Fabaceae.

Al species were assigned to one of seven [feform categories: . grass/sedge,
herb, herbaceous vine, woody vine, shrub, tree, or 'other. In the folowing text.the
term ‘weak shrub’ wil occasionaly be used to designate shrub species having only
partly lgnified stems.
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223 NUTRENT ANALYSIS

2.23.1 Preparation of Plant Material

The dried plant samples were ground in a Wiey mil at the .grain quality lab at
Agriculture Canada in Ottawa during the fal of 1985 and stored in plastic vials.
For K and P determinations 0.500 + 0.005 g quantities of each s;mple were ashed
at 500°C for 12 hr in a mul® furmmace. The ash was digested with 5 ml of 6 N
HC! for 2 hr. This digest was then poured into labelled nalgene bottles, the crucbles
rinsed twice with 5 ml and once with 10 m! of dstiled water, and finally the solu-
tion was diuted to 50 ml by adding an additional 25 ml of "dstlled water. These

solutions were subsequently used for P and K determinations.

‘2232 Ntrogen Determination -

Nitrogen analysis was performed at the grain quality lab at Agriculture Canada using
an automated kjehidahl N analyser ménufactured by Kjeltec. 0.500 + 0.005 g sam~
ples were weighed out onto Kjelfoss' N—free paper, digested in boiling sulphuric acid
with :c:vo selenium 'Kieltabs' as a catalyst for 55 min Total N was then determined

and expressed as a percentage of the dry material

2.2.3.3 Phosphorus Determination

Phosphorus was determined using a colorimetric method after Oisen and Dean
(1965). In this method 0.25 ml of sample wasvadded to 50 m of 0.5 M sodum
bicarbonate (pH=8.5), 2.3 m! of .1.0 N HOl and 13.45 ml distlled water. To this was
added 40 ml of a solution containing 1.056 g ascorbic acid dssolved in 200 ml of
a previousl; prepared reagent consisting of 8.0 g ammonium molybdats in 250 ml
distlled water, 0.2908 g antimony K tartrate dissolved m 100 mil distlled water, both
added to a solution containing 431 ml concentrated HCl and made to 1000 mi final
solution. Phosphorus standards were simiarly prepared. After 10 min a lght bue
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colour developed and absorbance was measured at %20 fm, and phosphorus deter—

mined from a standard curve.

2234 Potassum Determination

Potassium was measured using a' Perkin-Elmer 703 atomic absorption spectropho-
tometer. -The digests from 2.2.3.1 were appropriately diuted and read against a
standard of 2.00 and 7.00 ppm K._ This resulted in an expression for K as a per— -

centage of dry plant weight

2.2.4 MEASURMENT OF ERROR

In the field the spring balance had an error of + 50 g associated/ v.:frth its readmgg.
While this resulted in a large errc;r when weighing quantities as low as 350 g (14%
error), generaly c;uantities wieghed were in the range of 550 to 1200 g, so that
t_he average weighing error in the field would be + 5% The pgrecision of the triple
beam balance as used for obtaining wet weights was + 0.5-2% depending on the
quantity weighed. Greater care was taken when weighing dried material so the the

precision was +0.05 g or about 0.5%.

Replication of N analysis was 10% and indicated an error term associated with
this analysis of 0.02 + 0.006%. For P and K analysis 2.5% replication was done. The
error terms associated with these analyses were 0.0015 + 0.0007% and

0.032 + 0.016% for P and K respectively.

23 DATA ANALYSIS

Values obtained for 'dry weight, N, P and K contents, the part of the plant analysed

leaf or stem or combined leaf and stem), the Kfeform category of the species and
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the site and plot within tfme site from which the sample was taken, along with the
species name, were entered in a data fle to be sorted and analyzed by the
Statistical Analysis Systems package of programs (SAS, 1982). The NPARTWAY pro-
cedure was used to provide a non-parametric test (Kruskal-Walls) for differences In
biomass and nutrient content between falows of different ages. The UNIVARIATE
procedwé was used to provide descriptive staﬁsﬁc; for total biomass and nutrients
as wel as 'I;or the allocation of biomass and nutrients by plant feform type. These
statistics were used to produce box-and-whisker' plots of the quantiles and

extreme values after Tukey (1977), and provided a convenient flustration of the

variabiity among the various fallow sites. The GLM procedure, using a nested ANOVA

mode! with the MEANS option was used to test for pair-wise differences between

ages and between lifeforms within ages. This procedure was also used to analyse

" nutrient concentrations of individual species.



RESULTS

3.1 PHYSICAL DESCRPTION OF STUDY SITES- - —

Al fifteen sites examined in this study were located within three kilometers of the
s&illage of Succotz. Locations of each site are indicated in Fig. 5. Due to the undu-
lating landscape, sites varied considerably in slope, aspect and eleva‘tion: These fac-
tors are fsted for each site in Table 1, aJong-with the number of years since the
last harvest and the number of rainy seaéon harvests (cosechas) in the previous
cropping cyle. Al sites had undergone two consecutive cosechas except sites T

and ‘', which had only one.

Results of soil analysis are ;::i;esented in Table 2. No significant differences in
any measured parameter were fbuﬁd by an ANOVA at the 95% level, with respect
to the age of the sites from which the samples were taken Important trends are
however evident from the data, even though variation among sites was large. In
particular, OC appears to increase with fallow age. K and N aJsoJ appear 1o increase

——— ——

with fallow age.

3.2 ACCUMULATION OF BIOMASS AND NUTRENTS BY FALLOW VEGETATION

Total above—ground biomass averaged over the fifteen plots of the five one year
oid sites was 630 g-m~2 (dry weight). . Two year old sites averaged 1200 g.m—2,
and three year sites averaged 2070 g-m-2 (Table 3). Ntrogen accumulation was
58 g-m=2, 7.3 g-m2 and 103 g-m 2 for one, two and three year od sites

Lore
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Fig.5. Location of Fallow Sites

Note: Letters refer to sites as described in Table 1.
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‘Table 1. Physical Aspects of Study Sites

Age (years) Site Site Location Slope Aspect  Harvest History
; 1" A midslope level —_— two cosechas
E hilltop steep SW two cosechas
H hilltop moderate S two cosechas
K lowland level — two cosechas
0] hilltop moderate N one cosecha
2 _B hilltop moderate S two coscchas
D lowland level —_— two cosechas
F hilltop steep NW  onec cosecha
M lowland level — two cosechas
N lowland level — two cosechas
3 C midslope level —_— two cosechas
G hilltop slight SW ° two cosechas
1 midslope level —_ two cosechas
J lowland level ————— two cosechas
L midslope slight E two cosechas

37
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15-30

Table 2. Soil Physical Properties

Age Depth pH Nitrogen * Potassium 0.C. CEC.
(years} {(cm) (%) (ppm) (%) (meq/100g)
1 0-15 7.4 (0.69) 0.31 (0.10) 327 (72) 3.30 (1.06) .54.2 (16.3)
15-30 7.3 (0.87) 0.20 (0.08) 299 (105) 2.14 (0.82) 47.1 (23.5)

2 0-15 7.6 (0.46) 029 (0.10) 335 (54) 3.58 (1.07) 59.3 (11.9)
15-30 7.2 (0.93) 022 (0.12) 285 (110) - 2.36 (1.22)  50.4 (18.8)

. —3 -015 7.7 (0.30) 0.47 (0.14) 367 (55)  4.86 (1.43) 55.6 (7.9)
7.6 (0.68) 0.32 (0.15) 342 (81) 3.52 (1.47) 50.7 10.5)

Note: Values are the mean of 4 samples with standard deviation indicated in brackets.
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Table 3. Biomass and Nutrient Content in Above-ground Fallow Vegetation

Age Part

Biomass Nitrogen Phosphorus o - Potassium

(years) (g/m?) (g/m?) (g/m?) (g/m?) .
1 L 230% 3.9% 0.22%Y 4.0%
S 4002 1.9a 0.172 5.3a

Total 6304 5.84 0.39, 9.3y .

2 - L 240% 3.9%Y 0.20% 3.4%
S 960b 3.4b 0.28b 7.75
3 L 350 4.9Y 0.26Y 47Y
S 1720¢ 5.4¢ 0.47¢ 8.5b

-Note: Lmleaf S=stem

Figures represent mean values for fifteen plots, three in each of five different sites.
Results of Duncan's test are indicated using the suffixes x,y,z for leaf, a,b,c for stem and
1,2,3 for totals. Means within thcsc categories having different suffixes are significantly

d:.ffcrcnt (p—O 05).

ol
wd
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respectively, whﬁe P accumulation was 0.39 g-m‘z, 048 g-m"z, and 0.73 g-m‘z.
- and K accumulaton was 93 gem=2, 111 g-m™2 and 132 g-m2.  The
, Kruskal-Walis test was used to test for significant differences due to site age. The

effect of age on biomass, N, P and K was significant at the p=0.05 level

Considering Ieaf- and stem components of the vegetation separately, allocation of
biomass and nutrients to stem material increased in. two and three year old s:te; as
compare& to ‘one year gfes,“whﬂe alocation to the leaves did not increase signifi-
caﬁﬂy after the first year (Fig 6). Analysis. of the leaf data by the Kruskal-Walis
test failed to reject the mull hypothesis of no difference between ages for biomaés,
N, P or K at the p=0.05 level of significance. Stem biomass on the other hand

underwent exponential increase as described by the equation:

y=ekt+c) o083 = Eqa2

where y is stem biomass, k is a rate constant equal to 0.77 g-m‘2yr"'l ‘and lc is a
constant equal to 5.13 g-m"2. Accumulation of nutrients in stem material did not fit
this e_xponeﬁtial equation. ‘Twere was a significant increase in N and P at the p=0.05 -
level (Kruskal-Walis test), however K did not increase ﬁgﬂfwﬂy. In Table 3 means
for leaf, stem and combined leaf and stem da;a (Total) can-be compared between
ages. Within a category, means having different letters are significantly different at
the p=0.05 level on the basis of Duncan's Multiple Range test. It shou!c& be noted

that this test is a somewhat Iberal test

As illustrated in Fig. B, leaves accounted for a larger eron of total nutrient
© stocks, especialy N and P, than they did for biomass. With reference to the data in
Table 3, leaves in one year old sites accourited for 37% of total biomass, whie

they contributed 68% of the N, 57% of the P and 44% of the K.



Fig.6. Accumulation of Biomass and Nutrients in Leaves and
Stems During Fallow Development

Note: Bars indicate 95% confidence intervals for the mean
of the values from 15ipblots of each age. N=nitrogen,
P=phosphorus K=potassium, Le=leaf, S=stem and T=total

\
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The range of values found in the 15 plots for each age may best be ilustrated
by the use of box-and-whisker’ plots (Tukey, 1977) as found in Fig. 7. In such fig~
ures the median value falls on the ine running through the box. The upper Imit of
the box représents the seventy-fifth percentie, the lower Ii_mit“ represents the
twénty—ﬁfth percentile and the lines extending from the box show the exireme plot
values. These are labeled by the site n which they occurred. it is evident from
these figures that site ')’ had considerably higher biomass and nutrient levels in two
plots than was usual for three year oid sites. Actual vales for each plot are pre-

sented in Appgncﬂx 1.

An analysis of variance, nesting the effects of the three plots within the five
sites in each agé group indicated that differences in the age of falows accounted

[ .
for the largest portion of the total variation in biomass, but that variation between

sites and between pigts within a site accounted for more variation in nutrient levels

(Table 4). Jhis was especially the case for K, in which -only 53% of the total varia-

tion could ée accounted for by age.
/

Annual rates of increase for biomass and nutrients between the final burning of
the mipa before abandonment and the first year of falow, between the first and
second years of fallow, and between the second and third year of fallow succes-
sion may be estmated if it is accepted that biomass and nutrient levels mmediately
after the burn are zero and that the rate of accumulation of biomass and nutrients
for a one year old site were the same in 1982, the year the three year old sites
were bumed and left to falow, as they were in 1983 (beginning of two year sites)
and in 1984 (the beginning of one year sites). These are summarized in Table 5.
Although these assumptions are lkely to be only approximately true, it becomes evi-
dent that accumulation of biomass and nutrients in the leaf component occurred to

the greatest "extent during the first year folowing abandonment Stem biomass.



.
o8

Fig.7. Box-and-Whisker Plots for Accumulation of Biomass and
Nutrients in Vegetation with Increasing Fallow Age

-~

——

Note: Figures represent data from fifteen. piots of each age.
Letters indicate the sites from which extreme valies occurred .
The '+ ' indicates the mean values whie the box delineates the

quarties as explained in the text (Sec. 3.2).
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Table 4. Sources of Variation for Total Biomass and Nutrient
Accumulation .

Source of Variation ———— DPercent of Total Variation
Biomass Nitrogen  Phosphorus Potassium

Age 55.0 29.6 24.7 5.3
Site within age 26.1 32.8 49.0 42.3
Plot within site 18.9 37.6 26.3 524

Variation as determined by ANOVA.
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Table 5. Rates of Accumulation for Biomass and Nutrients During
_ the First Three Years of Fallow Succession

Part Interval Biom Nitrogen i Phosghorus Potassium
(years) (g/m*/y) " {g/m*/y) (g/m=/y) . (g/m“/y)
Leaf 0-1, 230 3.9 0.22 4.0
1-2 10 0 C-0.02 0.6
2-3 110 1.0 0.06 1.3
Stem 0-1 400 1.9 0.17 53
¥ 12 560 1.5 _ 0.11 2.4
2-3 760 - 2.0 0.19 0.8
Total 0-1 630 58" : 039 9.3
1-2 570 1S 0.09 1.8
2-3 870 3.0 0.25 2.1

Note: Total nutrients in the leaves of two year old fallows were equal to or less than in
one year old gites, hence zero and negative values were obtained for the rate estimates.

o~



47

accumulated at an increasing rate during the first three years of succecsion
Nitroegen ‘and P accumulation in stem material remained approximately constant during

this period whie the rate of K accumulation decreased considerably with time.

3.3 SUCCESSIONAL TRENDS N FALLOW VEGETATION

3.3.1 TRENDS N LIFEFORM COMPQSITION

Within the first year after a burn, the most important contributors to biomass and
nutrient stocks in the vegetation were already shrubs and trees. In one- year old
sites each of these components accounted for approximately 33% of the total
biomass, N, P and K (Tables 6a-d)." Shrubs accounted for somewhat more K (40%)
_and trees accounted for slightly more N (38%) and P (37%) than indicated by their
biomass. Woody vines accounted for 14% of the biomass in one year old sites.
Thus in only one year, 80% of the biomass and a E:/orresponchg proportion of N, P
and K was accumulated by woody perennials. Among first year sites, much of the
woody regrowth was observed to arise from roots which had survived the bum.
Although the relative importance of shoot regeneration cc_:mpaf.%d with establishment
from seed sources was not quantified, shoot regeneration was very common and
appeared to be an important means by which post-burn co[onizaﬁbn occurred
Herbs, herbaceous vines, grasses and sedges accounted for only 16% of the total
biomass as a group, in one year old sites. Other [feforms, fems and palms,

accounted for the remaining 4% of the biomass. )

By the second year of falow growth, trees began to dominate, accounting for
nearly 70% of the total biomass. The herbaceous feforms decreased significantly



Table 6a. Allocation of Biomass by Lifeform in g/m2

48

Lifeform Age (years)

1 2 3

1 1,2 2
Grass/Sedge 12 73 13 -

1 2 2
Herbs sal 242 22
Herbaceous vines 320y 52 s2
Woody vines 90} 1602 2503

1 1 1
Shrubs 210} 220} 200}

1 2 3
Trees 210, 7807 1,6007
Total 630 1,200 2,070

Note: Values are means from fifteen plots in each age category. Means
within a row with different superscript show significant differences

between ages (Duncan’s multiple range test, p=0.05). Means within a

column having different subscripts show significant differences between

lifeforms within an age group.



Table 6b.  Allocation of Nitrogen by Lifeform in mg/m?

Lifeform - Age (years)
- 1 2 3
o 1,2 2
Grass/Sedge 90'{ 4077 7 107
1 2 2
Herbs 4201, 1502 102
Herbaceous vines 390;11.b 5022l ‘ 403
Woody vines 840} - 1,200% 1,7002
1 2 - 2
- . 1 2 3
Trees 2,200, 4,800¢ 7,600y
Total 5,800 7,300 10,300

Note: Explhnation as in Table 6a.

\/
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Table 6c.  Allocation of Phosphorus by Lifeform in mg/m?2

( o Lifeform : Age (years)
1 2 3
Grass/Sedge sl 412 | 12 i
Herbs 321 o2 12
Herbaceous vines- 26% 33 ‘33‘
Woody vines s | 7212 972
Shrubs 120} 84} Coomy ‘
Trees 130%, | 3102 5403
Total 390  as0 730

Note: Explanation as in Table 6a.
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Table 6d. Allocation of Potassium by Lifeform in mg/m2

' Lifeform ~ Age (years)

1 2 3
Grass/Sedge. - . 160:11 . 402 : 23
Herbs " 860} 4502 R
Herbaceous vines 510 P82 42
Woody vines 1,2001 1,200f - 1,800,
Shrubs 37001 - 2,4002 2,000
Trees 2,600} 6,8003 9,3003
Total 9,300 . 11,100 13,200

Note: Explanation as in Table 6a.

-
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between first and second year fallows, whie shrubs mamtaned ther biomass at the
same level as in ﬁrst year sites and woody vines nncreased. In three year old sites -
trees were clearly the dominant ifeform, accounting.for nearly 80% of the total
biomass. Herbaceous kfeforms were almost completely eliminated whie woody vines
had. again increased. Shrubs continued to maintain their biomass in tl:ree year sites
althougi:t the nutrients allocated to this Efeform decreased. Comparisons between
means of \the various [feforms within age categories and beatween ages within ife—
form categories are indicated in Tables 6a-d using Duncan's Muitiple Range Test to.
test for significant differences. Trends and variation for biomass, N, P and K for
each [feform are ilustrated using box-and-whisker plots in Figs 8a-d These plots
have been described previously in section 3.2. It should be noted that the vertical

scale is not the same for each component.

332 TRENDS N SPECES

Species which were identified at least to genus are listed in Appendix 2. Bécause. .
species diversity in 'aII sites was high, it was difficult to determine species of major
mportance. However some s.pecies werg clearly more impeortant than @on the
basis. of their biomass "and frequency. -Go;equenﬂy importa:nce values were
assignéd to species by summing their re!a-tive' biomass and relative frequency. The
tée 20 species for each age group are listed by kfeform in Table 7. Using this
method of ranking, a species which exhbited complete dominance in all sites of a
particular age would have a score ‘of 200. # two species were each found in af

sites - with equal biomass, each would have an importance value of 100.

In one year old sites, a weak shrub (Coll no.215), a herb EupatoriJm’bdorhtu'm

andthe.herbaceousvﬁwesida-ssqmnmwerefamdtobememostkmaunt

The trees Trema micrantha, Psychotria grandis and Thevetia ahoui and Col no. 215

-
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Figs. 8a—d. Box-and-Whisker Plots for Allocation of Biomass and
Nutrients by Plant Lifeforms with Increasing Fallow Age
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Note: Figures as explained for Fig. 7.
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Table 7. Important Species in Milpa Fallow Sites
Age (years)
1 : 2 — 3
Species Form LV, Species Form LV, Species form  LV.

Eupctorium pyenocephaium M 8.2 . Neurgloena lobata H 3.2 Thavetlc ohowl S 8.0
Neuroloena lobata n 3.1 Thevetio chouwl S 3.7 Loslonthoeq sp, s 4.8
asion wp. H .7 Compoaitoe (coill.213) s 8.3 Rendia oculeata s 3.8
Bicders squorrosa HY 7.8 Loslanthoec ep. s 0.4 Bidens squarrosd HY hR.}
Compoaitoe (coll.218) s 18.4 Asgiphila monetrosa s 5.1 Kiblx® (coil.280) wy 80
Euvpotorhan odorotum s 0.4 Peychotria fruticetorum s 4.0 uori;‘dq yucatoneris wv 4.4
Loslonthoea »p. s 8.4 Piper niticullfolkam 3 31 Coll.333 wy 3.8
Thevetia ohoul s 53 Smilax ep. wy 4.3 Mimosa hondurensle wv 37
Paychotria tenmuitolia s 5.1 Morindo yucatonensls w38 Croton globelius T 18y
Plpar nitigullfolhum s 3.2 Coll. 335 wy 2.8 Ternatroemlo sp, T 10.7
Morinda yucctonensis wy 4.8 Trema micrantha T 11.8 Acocia wp. T 2.5
Smilax ep. wv 3.3 Peychotria grondls T 10.5 Gueitorda combail T .3
Poullinia pinnata wy 3 Burserc simaruba T 5.4 *Soscho’ (coll.365) T 7.8
Psychotrio grondls T 88 “Soscha" {call.585) T .. 48 Paychotria grondis T 7.0
Terrmircemlo s, T 4.0 Rermonia sotvoderics T 4.2 Chrysophylium maxlconum T a5
Chrysophylium mexiconum T .8 Guettorca combsil . T 33 Lugenla sp. T -8
Lonehocm coatiliol T 3.8 *Holol* (coil.240) T 3.3 Swortzia sp. T 8.8
Trema micrantha T 3.4 Cupanic sp. T 31 Bursera slmorube T 4.5
Bursera llma"\.bo T 3.4 Cordia divecsifolla T 3. Cordla diversifolio T 4.1
Corica popaya T 33 Spondius mombin T 2 Lonchocorpus contiiiol T a7

Note: LV. = Importance Value = Relative Frequency + Relative Biomass.
Quotations indicate locally used name.
Form = Lifeform grouping as follows: H = herb, S = shrub, T = tree, WV = woody vine
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were most important in two year old stes. In three year sites, Croton gabelus,

Ternstroemia sp., Acacia sp. and Guettarda combsi, al trees, were theymost impor—
tant species. In each age class, over one hundred different species were encoun-
tered among the fifteen plois that were sampled, thus accountng for the low

scores cobtained

Whie Table 7 may be of use in identifying trends in the relative importance of
individual spécies, it does not allow the determination of whether a species found in
a one year old falow site is elminated in older sites or if it is capable of sustained
growth. To determiqe the potential of a species for sustained 'growth, the mean
biorﬁass obtained in the different age groups. is of less interest than the extreme
values, which demonstrate the growth a- species is capable of. Whﬂe mean biomass
is to a large extent influenced by Vthe length of time a plant has been 'estabﬁshed at,
a site, as opposed to site ége, the extreme biomass values wil more of‘t-en repre-
sent the biomass obtained by plants which have been established for a period
approaching the age of ‘the site in which they were found The potential of a
species for growth may thus be estmated by plotting the biomass of each species
occurrence against the age of the plot in which it occurred, and examining the
extreme values. Such plots are presented for twelve frequenﬂy occurring species in
Fig. Sabc. As shown i Fig. Sa, Eupatorium odoratum, E. pycnocephalum, Col

no.215 and Neurclaena lobata all had the highest biomass occurrences in one year

plots. Maximum biomass in two year old plots was lower than in one year oid

plots, and, with the e_>_<ception of one hig? occ,:urrence of Eupatoruum odoratum, the

maximum occuwrrence of biomass in three"year plots was less than in second year

plots. These species therefore appeared to decréase with age. In contrast, many

tree species such as Swartzia sp., Psychotria grands, Chrysophylum mexicanum and

Glettardacorrbsihcreasedwithage,ashﬁg.gb. The woedy vine Smiax sp. and

the herbaceous vine Bidens squarrosa were found with simiar ranges of biomass
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Figs. Sa-c. Biomass potential of Individual Species During
2 Fallow Succession

Note: Points indicate the biomass of each occurrence of a
species in the 15 study plots according to” age of site. Zero
values (no occurrence) not plotted. Further explanation
as in text {Sec. 3.3.2).
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regardiess of plot age, suggesting that these species maintained their position through

this period of early succession. Other woody vines such as Morinda yucatanensis

and Col. no. 280 {(Kibix') tended to increase with age (Fig. Scl.

Using these plots, frequently occurring s;;ecies have been tabulated on the basis
of whether they increased, decreased or maintained their biomass :mth increasing
successional time (Table 8). Al the tree species which occurred fréquently enough
to be plotted in this way increased ther biomass as succession progressed. Herbs
decreased as did three of the four shrub specieé and one of two herbacecus vines.
Among the species‘ which decreased, al but two belonged to the Compositae. The
shrub - species which decreased were weak shrubs, having only partialy lgnified

stems. :

3.4 NUTRENT CONCENTRATION N SUCCESSIONAL SPECIES

-

An analysis of variance indicated that classification by species accounted for 61% of
the total variation in N concentrations of leaf matter, whie the age of the site
accounted for only 7% of the variation (Table 9). Ten percent of the variation Wa.as
due to differences between indviduals of a species within an age category and 22%
to samping error. For stem material, more variation was accounted for by age
(22%) than was the case for leaves, and somewhat less due to species (45%). For
P and K, sources of variation in leaves were simiar to those of N, with-only 2 smal
'proportion due to age. In stem material, only 17.5% of the variation in P was due
to differences between species, so that a larger proportion was accounted for by
the site and error components. Total variation was less stem P values than for
either N or K, hence the absoclute variation due to age was not necessarily greater
for P than for the other two nutrients. Variation due to species differences was

greatest for K: only 2.8% was due to age in leaves and 82% in stem material



‘Table 8. Successional Trends in Specics Biomass.
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Decrease———  ———Maintain Increase
Species _ ‘Form Species Form Species Form-
Eupatorium pycnocephalum H Bidens squarresa HV Lasianthaea sp. S
Neurolaena lobata H  Smilax sp. WV "Kibix’ (coll.280) wV
Iresine sp. - H  Petria volubilis WV  Morinda yucatanensis WV
Ceatrosema plumerii . HV Swartzia sp. T
Eupaterium odoratum S Psychotria grandis T
Compositae (coll.215) S Chrysophyllum sp. T
Psychotria tepnuifolia S Guettarda combsii- - T
’ ~ *Soscha’ (coll.565) T
Cupania sp. T
Ternstroemia sp. T
, Acacia sp. . T
Note: Based on data as in Fig. 7°9. See text for explanation.
Form = Lifeform grouping as follows: H = herb, HV = herbaceous vine, . n

wv --Wwdy vine, § = shrub, and T = tree. .



Table 9. Sources of Variation for Sf:ecies Nutrient Concentrations

Source of Variation Part ' Nitrogen Phosphorus  Potassium
Species L 61.3 50.6 57.0
S 44.9 17.5 65.5
Age L 6.8 5.1 2.8
s 22.1 21.9 8.2
Site L 9.7 18.6 20.6
) S 10.1 23.4 10.7
Error L 22.2 25.7 19.0
s 22.9 37.2 , 15.6

Note: Variation due to 'Error’ includes natural variability among different
individuals of the same species as well as variation due to sampling error.
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An analysis of variance.which included the part of the plant tested {eaf or

_stem) as a source of variation found that this division accounted for 82% of varia-

tion in N concentrations, 64% of P and only 33% of variation in K, reflecting that K

concent-aﬁons between leaf and stem material were more simiar than either.N or P.

Nitrogen, P and K concentrations in leaf and stem material for the same species-

isted in Table 7 and_Table 8 are presented with 95% confidence intervals in

Table 10. Phosphorus concentrafions were generally an order of magnitude lower
than N or K for both leaf apd stém material Concentrations of N and P it leaf
material was consistantly higher than that n stem materiak leaf N concentrations
averaged 1.68% whis stem _concentrations averaged 044%. Phosphorus averages
were 0.093% and 0.036% for leaf and stem concentrations, whie averages for K -

were 170% for leaves and 095% for stem material Several species such as

Psychotria grandis, P. tennuifola and Bursera smaruba had K concentrations in stem

material equal to those in_their leaves. This was never the case for either P or N
. S . - , - - :
Species ‘which had particularly high concentrations of one or more nutrient in
either leaf or stem material are of interest as they may p!ay an important role in
redumg koss of nu.ments due to leaching by rapidy accumulating nutrients in their
bcomass. 'l'l')ose speaes which had nutnent concentrations in the top 25% are shown

in Table 11. Carica papaya had very high N, P and. K concentrations in leaves and

high P and K concentrations in stem material Leguminosae spp; Centosema, Swartzia
and Col no. 280 (Kbix), ha.ngthoncent'ationshleafandstemAlthoughP
concentrations had 2 relatively smal- ra.nge of values {0.024 - 0.089%), several soft~
wood trees, Sponci.LSmorrbn Rensocnsatvadoncevandoo!.no 240 (’I-!olol‘)had

tighPcmcentatonsntherleaves,abngwﬁhtheherbaceoussmaes@gomn
odoratum and keshe sp. kesne sp. also had very high K co ations whie *

Eupatorium odoratum had high N concentrations in its leaves. Species with nutrient



Table 10. Nutrient Concentrations of Important Species

Specices No. Part %N 95% Cl %P 95% CI %K 95% CI
Acacia sp. 7 L 22 062 009 0013 09 019
S 050 026 003 0020 03 023
Acgiphila monstrosa 11 L 20 03 0.12 0.02 1.1 017
, S 03 01 003 0005 06 025
Bidens squarrosa 17 L 1.7 04 0.10 0.009 24 0.28
~ S 043 006 0.05 0018 12 025
Bursera simaruba 20 L 15 010 011 0018 15 020
) '§ 035 009 004 0012 14 0.19
Carica papaya 6 L 33 -075 024 0020 38 091 .
' S 060 021 006 0026 37 13
Centrosema plumieri S L 30 019 013 0019 15 010
X S 1.2 028 006 0015 12 015
Chrysophylum mexicanum 27 L 1.2 004 014 0006 09 0.08
- S 037 005 003 0003 050 008 -
Cordia diversifolia 14 L 13 012 006 0009 1.6 015
_ S 0.30 005 0.03 0.003 068 0.09
Croton glabellus - 9 L 17 009 009 0012 34 044
S 0.42 015 003 0012 048 021
Cupania sp. 14 L 12 010 007 0013 11 016
. S 0.30 0.06 0.03 0.008 055 014
Eugenia sp. . 17 L 12 009 006 0017 1.6 077
oo S . 038 Q06 003 0007 047 010
Eupatorium odoratum 15 L 26 017 016 0011 25 026
' S 038 004 004 0007 12 019
J Eupatorium pycnocephalum 7 L 20 066 013 0.051 2.4 0.64
~ S 0.44 009 004 0010 12 022
Guettarda combsii . 22 L 15 012 009 0013 22 029
S : . S 036 0.05 0.03 0.004 053 010
/! : Lasianthaea sp. 15 L 1.7 015 009 0013 2.6 .0.29
- s 039 0.08 0.05 0.009 14 027
r Lonchocarpus castilloi -7 L 20 017 008 0011 085 0.16
_ S 063 017 003 0.010 - 025 013
- Mimosa hondurensis 8 L 1.8 014 010 0026 11 032
: : -S 073 012 003 0004 045 0.11
Morinda yucatanensis 24 L 1.6 012 007 0008 13 016
S 064 007 003 0004 092 0.14
Neurolaena lobata ~ 7 L 19 022 011 0017 1.7 047
o S 027 0.09 002 0005 1.6 050
Paullinia pinnata 11 L 13 012 008 0012 11 011
' 8§ 046 0.06 005 0012 049 0.9
Least Significant L 0.30 0.022 0.44
Difference . S 0.14 0.016 0.36

—S%continued on next page —

-



Mo

Table 10. (Continued)

-4

* Due to differences in the numbers of each species thﬁc L.S.D. values may lead
to liberal estimates of significants™y

Note: L = leaf, S = stem. The 95% confidence range is indicated in parentheses

after the mean. The number of samples upon which these mean values are based is
indicated in 'No.’ collumn. Scientific names are used where they are known, otherwise
local names and/or collection numbers are given.
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Species No. Part - &N 95% CI %P 95% CI %K 95% CI

Petria sp. 9 L 12 017 007 0012 13 012

S 0.50 0.08 0.05 0.013 0.68 0.16

Piper nitidulifolium 14 L 1.8 0.20 010 0013 23 029

S 060 008 005 0009 20 022

Psychotria fruticetorum 12 L 1.5 037 - 0.08. 0.019 1.5 0.8

‘ S 039 0.03 003 0.004 0.60 0.07
Psychotria grandis 28 L 1.5 012 0.08 0.009 ‘1.2 0.02 .

S 036 004 003 0.004 10 0.19

Psychotria tennuifolia 13 L 1.7 0.07 010 0.008 1.4 024

S 049 0 0.04 0.005 1.3 0.22

Randiz aculeata 16 L 1.3 10 006 0015 1.9 025

S 0.50 0.14 003 0.012 040 0.26

Rensonia salvadorica g L 21 ¢35 013 003, 31 072

: S 0.33- 0.11 004 0.011 11 050

Smilax sp. 25 L 17 011 008 0006 1.5 013

S 0.50 0.04 ~0.04 0008 071 0.10

Spondius mombin 9 L 15 035 014 0.021 13 0.25

S - 031 011 004 0014 1.3 0.29

Swartzia sp. 13 L 28 033 010 0178 0.8 0.11

) S 0.67 0.1 003 0004 004 0.06

Thevetia ahoui 31 L 1.6 010 010 0.007 26 0.26

S 037 004 0.04 0005 12 011

Trema micrantha 20 L 1.8 014 010 0010 13 0.10

S 026 0.06 002 0040 051 0.15

"Holol’ coll.240 5 L 22 024 014 0.02 21 0.35

' S 024 0.11 003 0008 16 0.60

"Kibix" colL.280 17 L 2.5 013 010 0015 17 0.16

.S 0.74 0.10 . 0.03 0.004 066 0.11

*Soscha’ coll.565 12 L 1.8 011 011 0008 19 022

_ . S 028 0.04 0.03 0034 0.56 0.12

Compositae coll.215 20 L 1.7 012 011 0.012 27 022

S 028 005 003 0034 15 022

woody vine coll.335 7 L 1.1 020 006 0014 1.0 0.31

' S 0.50 0.14 0.03 0.012 040 026

Least Significant L 0.30 0.022 0.44
Difference S. - 014 0.016 0.36



Table 11. Species ‘With High Nutrient Concentrations.

~—Nitrogen—— . ——Phosphorus—- - Potassinm——
Species BN Species %P Species %K
LEAF
Carica papaya 3.28 Carica papaya 0.24 Iresine sp. 5.8
Centrosema plumieri 2.96 ~  Eupatorium odoratum 0.16 Carica papaya 3.8
Swartzia sp. 2.79 Iresine sp.. 0.16 Croton glabellus 3.4
Eupatorium odoratum  2.57 "Holol’ coll. 240 0.14 Rensonia salvadorica 3.1
’Kibix" coll. 280 2.52 Spondius mombin 0.14 | *Shelil’ coll: 550 - 3.1
. Vitis tilifolia 0.13

STEM /
Centrosema plumieri 120 . Cissus sp. 0.09 Clrica papaya 3.7
Justica brevifolia 0.79 Carica papaya 0.06 Iresine sp. 2.6
Kibix’ coll. 280 0.74 . Justica brevifoli 2.0
Mimosa hondurensis  0.70 Piper nitidulifolium 2.0
Swartzia sp. 0.67 Neurolasna lobata 1.6
: 'Holol" coll. 240 1.6

* Nutrient concentrations in the top 25% of values found in frequently occurring species.

)
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Table 12. Species With Low Nutrient Conccntrations‘

71

. Nitrogen—— -—-~-Phosphorus—— Potassium~———
Species S %N Species %P Species %K
LEAF -
Ternstroemia sp. 0.79 Ternstroemia sp. 0.040 Coll. 535 0.60
Cupania sp. 115 Coll. 335 0.057 Swartzia sp. i 0.82
Coll. 335 143\ Justica brevifolia 0.057 Loncocarpus. sp. 0.85
Eugenia sp. , 1.16 Eugeniz sp. 0.061 Chrysophyllum sp.  0.87
Chrysophyllum sp.. 1.20 Cordia sp. 0.063 Acacia sp. 0.90
Stem )
Ternstroemia sp. 0.23 Neuroclaena lobata 0.024 Lonchocarpus castilloi-0.25
"Holol' Coll. 240 0.24 Trema micrantha 0.024 Coll. 535 0.26
Trema micrantha 0.26 Aegiphila monstrosa 0.025 Acacia sp. 0.30
Neurclaena lobata 0.27 Ternstroemis, sp. 0.025 Swartzia sp. 0.35
Coll. 215 0.28 Coll. 215 0.026 Coll. 335 0.40

* Nutrient concentrations in the bottom 25% of values found in in frequently occurring species.

[

i
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concentrations in the low 25% are shown in Tabla 12,

Plants belonging to ﬂir:ty-one famiies were found within the sample plots. Of
these, seven famiies were representedfby three or more species which occurred at
least three times eacH, allowing # comparison of average nutrient concgntrations
between these famili_es’. Mean N, P and K concentrations for leaf and stem material
for :tbese ééven familes are presented in Table 13. Legumes were found to have
high concentrations of N in both leaf and stem material Potassium concentrations in
species in this family were low whie P was mofierate. Species of t‘he Compositae,
which were mostly herbs' or weak shrubs, accumulated high concentrations of all
three nutrients in both leaf and stem material, except for P which was not signifi-
cantly different in stem material Members of the Sapindaceae, which included trees

and woody vines, had low nutrient copcentrations as did the grasses.
- \-‘

f

3.5 . SUCCESSIONAL TRENDS AND NUTRIENT CONCENTRATION

Nutrient concentrations found in species which had their greatest biomass iﬁ recently
abandoned sites were compéred with those that ncreased in biomass in older sites
{Table 14). Mean nutrient concentrations for species in each group are given, along
with the results of t-tests to test the hypothesis that the means of the ‘decreasing’
group are equal to those of the species which were able to grow as sites became
older. Nutrient concentrations, especially for P,- were higher in leaves o"F those spec-
ies which were most successful in young sites but which were apparent!y.unable to
maintain their growth through successional time. In stem matenal K was higher in this
group, whie N anci P concentrations were not significantly dfferent between the
" two categories. ' |

.
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Table 13. Nutrient Concentrations in Families of Plants

——LEAF ——— — STEM ———
Family . %N %P %K &N %P K
Leguminosae 228 009%¢ 112 0.74% 0.03% 0.57°
Compositac 1980 0122 242 - 034 o003 1.22%
Verbenaceae 1.60¢ 0.10%°  1.4D¢ - 041® 0.042 0.74°
Rubiacese  1.65°  0099¢ 1.6 0.48Y 0.032 0.88%0
Bignoneaceac. Ty oaobe 1.6 0.52° 0.042 0.62°
Sapindaceac 1.4° 0.08¢ 1.20¢ 0.420 0.042 0.55?
Gramineae 0.6¢ 0.0s4 1.0° - - -

l\iotc: Means within a column having different superscripts are significantly different
~ on the basis of paired t-tests (p=0.05).
Grasses were not differentiated into leaf and stem parts.
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Table 14. Relationship Between Successionzl Trend
and Nutrient Concentration

Trend

BN %P %K 4
LEAF

Decreasing 2.17 0.13 - 2.56
Increasing 1.65 0.08 1.38
t-test ’ » e *

: STEM
Decreasing 0.35 0.04 1.50
Increasing 0.34 0.03 0.71
t-test n.S. ns. =

" Note: ** indicates significance at 0.01 level, * at 0.1 level and n.s.
indicates that there was no significant difference between the average
putrient concentrations of the two groups. -
The putrient concentration values are the means <f the species of each
category as grouped in Table 9:'Successional Trends in Species Biomass’.
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\ DISCUSSION

The results of this -study fel into two distinct but related categories: plant succes-
sion and nutrient dynamics. These categories are related in that nutrient dynamics
may be influenced by the characteristics of the species involved, and succession

may be related to nutrient dynamics.

Establishment of woody species during the earliest stages of fallow succession
quickly eliminated herbs and grasses and thus was important inyallowing the falow
to rapldly return to a tree-dominated community. It is probable that a rapid retun
to forest vegetation prevents widespread establishment of the more opportunistic
herbs and grasses and thus keeps the populations of these species at relatively low
lavels. The predominance of woody species during -early succession may be consid-
ered to be an indication of relatively mid disturbance and minimal land use intensity,
so that the recovery potential of the land has remained high, It is expected that
shor_tening of falows would lead to greater establishment of these more opportunis—
tic species. Because grasses are difficult to control by bumning, they can lnhibit the
re-establishment of successional forest species and thereby prolong the Eecovery

I

phase.
s

Rapid increase of nutrients in the vegetative biomass is typical of tropical forest
regeneration. Storage of nutrients in the biomass ensures their conservation in the
agroecosystem. The lower rate of P accumulation and low P concentrations in the

vegetation reflects the Emited avallabfity of this nutrient in the sois of this region.

I
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41 PLANT SUCCESSION

4.1.1 METHODOLOGY

There are two general approacnes to studying plant succejs;.siora. The first involves
the establishment of permanent plots which can be sampled as the succession pro-
gresses. This may be referred to as a temporal series. The second method involves
a spatial series; sampling of plots which are at different points in a successional
series at one time. This method is based on indlependent knowledge of the past his-
tory of tha plots in order to place them accurately on aﬁtemporal scale. Knowledge
of past history is also useful in order to determine that a particular plot be[ong: to
the successional pattern which is being elucidated. Elminating plots with unusual his-
tories will decrease statistical noise, thus reducing the number of spatial replcates
required to detect trends. At the same time the generality of the resuits wil be
reduced. For either method to be. general?zeable in both tme and space for a par-
ticular region, replication must be carried out In the first method, replication in space
wil be essential to ensure that aberrant plots can be detected Replcation in tme
wil also be needed in order to avoid unique resuits such as might occur if the ﬁrst"
year or two were unusualy wet or dry. In the second case sufficient replcation in
space wil be requ:red to allow trends based on age to be separated from the
noise resulting from spatial variation, as wel as variations in _past history (Austm
1981). Again, replication in tme wil be required to avoid systematic errors such as
would result'in the case of an unusualy wet or dry'season In this study the sec~
ond approach 'was adopted. Maximum replication in space, as allowed by the avai-
able samplng time was carried out Elmination of sites which had undergone the dry-

season harvest {yaxking) increased the efficiency of samping. As a consequence the



res;lts reported here are not necessarly applcable to these sites. Because samping
was not replicated in time, the procedure is susceptable to differences in past his-
tory which could systematically affect al s:tes of one age grouﬁ. Systematic spatial
sampling errors were avoided by adopting a method of site selection which effec-
tively interspersed fallows of the various ages. Since the mipas of | one farmer
tended to be grouped together year after year, falows of differing years were

together, rather than being grouped together on the basis of age.

~

_%1.2 LIFEFORM COMPOSITION OF EARLY FALLOWS

In the seasonaly dry tropics, dominance by woody species is generaly reported to
oécur folowing a period of extensive herbaceous growth during the cropping period.
Snedaker and Gamble (1969) indicated that in the Lake Izabal region of lowland
Guatemala, herbaceous species which were present at abandonment were replaced
by woody species during the first or second year of succession. These woody
species may regenerate by coppice growth frorn previously established root systems,
or by seed In Belze, La.mbert and Arnason {1986) found that during a three year
cropping period herbaceous spec:es dominated the non-crop component of the vege—
tation during the first two years. By the third year, woody species, which had been
increasng annually, came to dominate. In some situations however, herbaceous spec-
ies do not dominate the early vegstation Tergas and Popenoce {1971), in Guatemala,
reported that one year after abandonmernt, woody vegetation predominated in eight
of ten ﬁelzis which were studied. ‘Whie feform composition in sites that were cu.r-
' rently under cuiﬁvation‘ was not quantified in the present study, mucn of the
regrowth was of woody species, many of which were seen to be regenerating by
sprouting The summer during which this study. was carried out was unusualy dry,
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S0 .estébﬁshment and growth of herbaceous species may have been recduced The
appearance of m;ny small seedings of herbacecus species indicated that seeds of
these species were avaiable, however plants that already had a develoﬁed root
system would have greater access to water deeper in the sol and thus be capable

of more vigorous growth Kelman (1984) noted that coppice growth is common on

the mestone sois of Belize.

.

While herbaceous vines were relatively unimportant in terms of biomass or nut-
rient stocks, they may play a role in early succession by covering ‘the soi thu;s
r:educing meisture loss. Many of the herbaceous vines tended to creep over the sol
surface and thus Qvoa.xld cover the sol efficiently. Coverage of the sol surface in
this way wil also result in seedings of annual species being shaded out, since these
species require high light intensities (Bazzaz, 1979). Kelman and Adams (1970) sug-
geéted that the abundant viﬁe grthh they found in receﬁﬂy abandoned mipas near

Succotz played an important role in suppressing noxious weeds.

4.1.3 SUCCESSIONAL STRATEGY

In considering above ground biomass of species, three groups of plants could be

. roughly identified Herbaceous species and weak shrubs such as Eupatorium odora-

tum, Neurolaena lobata and Col no. 215 were most successful in first year sites

but rapidy declined during the folowing two years. These species were considersd
to be decreasing with time. Another group, which included mainly tree “Species and
woody vmes was found with increasing biomass as _sife age increased. The third -
group was composed of woody and herbaceous vines, and maintained its biomass

throughout the first three years of succession. -
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n terms Aof- the models of Connel and Slatyer {1977), the trees and woody
vines, .many of which were present from the beginning, tolerated the more rapidy
growing herbs and weak shrubs. As the trees increased in height, competition for
light incree;sed and the opportunist herbaceous species were shaded out Vines have
a rather unique st.rategy for exceling in competition for fight. In the initial stages of
succession the vines were sprawled out on the ground, with a maximum surf.a_ce—r
area .exposed to the sun. As the vegetative density increased-and competition for
ight at ground level became more-hténse. the vines moved upward, grdwing among
the branches of the trees. In this way vines are able to maximize th;r exposure to

fight in a vegetative environment with a rapidly changing structure. -

On thé basis of obser_x)ations thé.t some of the woody species were estabﬁsh:ng
from already exis;ting root' stocks, a somewhat modified view of the dynamics
involved in fallow succession in this region may be daveloped. In this view, a differ-
ent grouping of plants is considered The first group includes those ;Noody individu—
als which regenerate from root stocks established be:Fore the previous cropping
cycle. Such root systems may have existed over many croppng cycies. For these
species, shifting cultivation is only a temporary perturbation of ther above-ground
parts. A second group involves those species which require a distwbed environment:
for establishment and growth but which are unable to survive in the low fight” condi~
tions of later secondary growth. Whie these species have no pre-existing root sys—
tems, they may Bave efficiently dispersed seeds, or ma:ntasn a viable seed bank in
the sol between bum cycles. The extent of such a seed bank wil depend on the
-length a.nd frequency of the cropping period in the mipa cycle. The third group
involves those individuals which are capatie of surviving in the forest but which can-
not estabish from an already present root system This group includes both those
species which are not capable of sprout regeneration folowing a bum as wel as
individuals of species which could regenerate from an e>dsthg.viable I;OOt system if

,



it weretpresent, but which had not been estab!ished‘ previous to the bum.’ Sa:&ina
and Ramakrishnan (1983) suggested that both sprouting and nonsproutmg strategies
can be succeésfu] as means of capltalizmg upon the transaent resource supplies that
become available upon buming in regions of sh:ftmg cultivation. Those species which

allocate maximum resources to reproduction and high growth rate, such as.

Eupatoriumn odoratum are considered by these authors to be adapted to disturbed
'environments, while sprouting species, which allocate more of "their resources to
roots, have a lower growth rate, and are adapted to the mere competitive environ-

ment of later successional stages.

Development of fallow veg&tatior; following a cycle of mipa “cultifation wil
there'for‘e involve the establisiment of new individuals as wel as the récover); of
individuals wh:ch have been present throughout the cycle. The mportance of this
Iatter process wm depend not only on the pre\nous abundance and physiological
state of spec:es which are mpa._b!e of sprout regrowth,. but also on the natura of
the succeeding mipa cycle. Myanishi and Kelman (i986) studied regeneration from

roots' of two shrub species, Miconia abicans and Cidemia sericea of the Mountain

Pine Ridge in Belize. It was found that depleted starch reserves brought about by
frequent removal of sprouts was responsble for a lloss of fegeneratiqn capabiity.
Annual burming -also led to decreased starch reserves and hencs would eventualy
lead to root death. The shrubs were able to replenish their stafch reserves between
burns when bums were $two or r:rxore years apart. In regions such as Beize where
the forest is Sem'—deciduous, .cutting and burning of the vegetation during the .dry
season occurs at a time when trees are in the best phys;iologica.l state to withstand
it. Many trees in this region crop their leaves during the: dry season. Nutrients previ-
' ously contained in the leaves wil bé remobiized to the roots and trunk prior 'to leaf
fall (Bidweﬂ, 1979). Thus it-is during this time .that starch and nutrient reserves n ‘the

‘rootswﬁlbea_tamax‘imm
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While Miyan:shl and Kellrnan {1986) found that burning cycles of greater than two
years would not control the shrubs they studied, Unl et al (1981) found that few
new shoots had sprouted within 4 months after mature.forest on an Oxisol sol in

the humid tropics of Venezuela had been cut and burned. Maximum temperatﬁrv;s

‘at 1 cm soll depth ranged from 48-199°C. Presumably burn intensity and ?duration.

as well as adaptations of individual species to regeneration following burming wil
influence the degree of sprouting from surviving root systems. Lambert and
Arnason- (19886) re&:ied that “sprouting from roots accounted for about 25% of -

tree replacement after‘one year of cropping in Belize, but that after: the third bumn

‘of a three year cropping cycle trees established from seed.

In Succotz weeding involves chopping the vegetation at ground level with a
machete. No attempt is made to pull plants out by the roots. Hence weeding wil -
not be as traumatic for the plant as it was in the study by Uh et al (1982).
Frequency and thoroughness of weeding is variable among farmers at Succotz. In
some milf::a sites no weeding activity was evident during the dur:_a_tion of this study
whie at other sites plants were choeped at least once durlng the summer.
Thorough-;:eeding is often not possble, as many miperos leave the vilage for much

of the summer to work as hired labourers elsewhere.

Whie many of the pla.nts found in the fallows regenerated by coppice growth
from estabﬁshed root systems, such growth tended to.be pa,tchy as it was d efived
from an- older‘ faﬂow community in which considerable thinning had taken place. Thus

a large surface area was left bare in which regeneration from seed could.occur.

When the soil surface becomes exposed, unfitered light, wide temperature fhuc-
tuations and nutrient release act as triggers for the germination of seeds which
have lain dormant in the sol {Bazzaz and Pickett, 1980). Seeds having long dormancy

are generally kmited to early successional specigs such as Cecropia and Trema, and
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‘many opportunistic herbs (Kelman, 1980). Lambert et al (1980} found abundant ger-

mination of' Canna eduis arising from buried seeds which had lain dormant for at

least 45 years in their study' at Indian Church. Whie some seeds may be added to

the seed b'arlzk during the fallow period, many” wil originate during the cropping cycle.
During tﬁis time the composition of the seed bark changes, reflecting the change in
the weed vegetation from the f‘allow to the “‘crop communities. Uhl et al {1982)
found that although seeds of woody successional plants initially domin;itéd the soi
seed bank, seeds of hérbs and grasses increased in abundance due to their abiity
to germinate in e;<posed soil and to their short fife cycle which allowed them to

mature and set seed between weeding periods of the cropping cycle. As cultivation

periods increase, the numbers of herbaceous seeds in the seed bank will therefore

be expected to increase.

Species which were not present at the site prior to cultivation either as viable
| roots or as.viable seeds may establish through seed dispersal Regenel:'atiOn from
newly dispersed seeds requires that a nearby seed source has fruited recengly
(Webb et aJ. 1872). Thus the speéies‘ available for seed dspersal wil depend both
wporthe-species present in the immediate vicinity, and hence on land use patterns in
the. region, and on the timing of seed production. Webb et al {1972) have noted
that the fleshy seeds of many tropif:al tree species may be carried by animals over
distances in the range of 100 m. As land use intensity increas'es, and rapidly dis-

persing pan-tropical weeds become more plentiful, seeds of these species may be

o

.expected to hecome more important, both in terms of new seed dispersal and in

the: composition of the seed bank. Kelman and Adams (1970) reported that weed

composition of permanent fields near Succotz contained a much higher representation

of pan-tropical species than did mipa fields, which were dominated by woody spec-
-ies having more Imited geographical ranges. They noted that the greatest potential
eed problems were fou.nd in permanent fields which became dominated by prolific

T T e



- | 83

species of wide geographical. distribution. The woody species common to mipas on
. . _
the other hand were -considered to assist in the regeneration of the bush“falow.

13

It is to be expected that in a region such as Succotz, where farming has been

-

practiced for many genei'atic'ms‘ by Wym farmers, those species which are capable
of sprout Fegeneration wil have a comPeﬂﬁve advantage over those which depegé
onj dispersal and germination by seed Thus the forests in this area are kely to be
enriched in those species which are adapted to rapid recovery after disturbance:‘ipy' :

the capacity to regenerate from a permanent root system.

R
- - -
——
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42 NUTRENT DYNAMCS

The sois in this study were relatively fertle due to their high cation exchange
capacity resulting from the lmestone parent material from which they were derived,
and a cOnsid;;;ble portion of montmoriionite in the clay fraction (Amason et al,
1982). Using the terminclogy of Jordan and Herrera (1981‘), these sois would be
classified as eutrophic, in contrast to the highly infertle oligotrophic sois of regions
.such as the Amazon basn. Whie changes in soil properties with falow age were
not significant at the 95% level, there was an indication .of increasing trends for
some of the parameters. Particularly N and OM: and to a lesser extent K, did
appear to increase with age. It is clear that mdre intensive samping would be
| required to overcome the large between-site variabiity in or:der to understand the
' inﬂuence. of the faﬂO\-N period on the fertiity characteﬁstics of these sois. Whi!e soi
fertility is recognized to improve with fallow length, the rate #of increase in nutrients

and OM, and the improvement of soil structure vja.ries with the type of falow vege—

mmn.mmomofmw,thoMfenﬁtyhasbemmed
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"during the previous cropping cycles (Nye and Greenland, 1960).

Total accumulation of nutrients in the above ground vegétatibn was comparable
. tg values reported for one year o]d sites in Guatemala (Tergas and Popénoe, 1971)
and in Mexico (Wiliams-Linera, 1983), although the Beize values obtaned in this
study were sdr_newhat lower (Table 15). Accumulation laf biomass and ndtrients by
fallow vegetation as reported in other studies are also presented in Table 15. Whie
N and K levels in the first year are higher at Succotz than reported by Toky and
Rarmakrishnan (1983a) for sites .in N.E. lﬁcﬁa, P is lower. Amason et al (1982) have
previously repérted indications of P deficiency at Su.ccotz.. as discu;sed earlier in

section 1.5.
N

- Although root biomass and nutrients stored in the roots were not measured in
this - study, roots are an important component of the fdow vegetation. Uhl et al’
(1982) estimated that roots of successional trees generally account for 15-20% of
total biomass. In the Congo, Bartholomew et al {1953) estimated roots #f a 5 year
old bush fallow to account for 2500 g-rﬁ2 or 23% of the total biomass (Table 15).
Concentrations of N, P and K-in these roots was calc':ulate_d by these authors to be
0.7%,'—6:(_33% and \0.4% resbectively. These concentrations were somewhat higher than
those reported for woody material from these fallows. Thus roots accounted for
36% of the N in these falows, 27% P and 26% K. It is clear that along with leaves
and stems, roots ﬁ!'lay a very important role in the accumulation c;f nutrients by fal-

low vegetation

Although soil fertiity wil be reduced over tme due to removal of nutrients con—
‘tained in crops, rapid uptake of nutrients by falow regrowth during the initial stages
of fallow development plays an important role in reducing losses of nutrients from
the agroecosystem. Both N and K are generaly susceptble to leaching and would
tend to be l;>st from the rooting zone of the sol if they were not constantly
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‘ Table 15. Biom.ass‘ and Nutrient Accumulation in Forest Fallows

85 - .

Réfcrcncc

Location -Age Part Biom N P K
\lyears) (g/mf)“ (g/m?)  (g/m?) (g/m?)
Bartholomew  Congo 2 Leaf® 55 80 1.1 8.0
etal., 1953 Stem 536 1.8 0.6 3.7
. 5 Leaf 563 - 12.5 . Q.7 7.9
Stem 7,107 18.1 1.4 24.3
Root 2542 17.6 0.8 11.1
8 Leaf~ 538 12.0 0.7 7.9
Stem 11,631 " 206 - 1.5 57.9
18 Leaf 644 14.3 0.8 8.0
Stem 11,464 30.1 6.2 30.5
Root 3094 13.9 3.4 18.7
Toky and N.E. India 1 Total N.A. 31 0.5 3.5
Ramakrishnan, ) Total N.A. 14.3 2.0 18.9
1983a. 10 Total N.A. 193 2.5 54.3
15 Total N.A. 33.9 4.4 97.7
Williams-Linera, Veracruz, 1 Leaf 71 28 -~ 016 4.0
1983. Mexico Stem 337 2.9 0.23 13.7->
- . 7 Total 5,268 . 31.1 3.5 42.1
N ( .
Tergas and Lake Izabal, 1 Total 971 13.0 1.0 11.2
Popenoe, 1871  Guatemala .
Uhl and Amazon, 1 Leaf 32 n.a. n.a. n.a.
Jordan, 1984 Venezuela, N Stem 24 n.a. n.a. n.a.
oo 2 Leaf 270 n.a. n.a. n.a.
Stem 694 n.a. n.a. n.a.
3 Teaf 324 D.a. n.a n.a.
Stem 1,391 n.a. n.a. n.a.
L 4  Leaf 435 na na  na
— ’ Stem 2,453 n.a. n.a. n.a.
s Leaf 486 n.a n.a. n.4.
Stem -~3,517 n.a. n.a. n.a.

* Annual herbs were included with the leaves in the second year sample in this study.

!

x
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recycled by the vegetation. Rapid dpta.ke is less important as a rneans of preserva-
tion of P_since it is rapidly immobiized by. calcum in the soi (Brady, 19345.‘ Rapld
uptake of P Is important however ‘since P becomes hcreasitwgly unavaiable the longer
it remains in the sol, as it penetrates deeper into calcium .carbonate particies, thus

reducing the surface'-area accessible to plants (Brady, 1984). Herfera_. ot al (1978)

- have described an efficient ‘mechanism. for P uptake by'vegetatioﬁ\of infertie soils in

the Amazon, in which \(‘oots obtain P drectly from decomposing litter by way of
mycorrhiial fungi. By holding it in a more rapidly cycing compartment, upté.ke by
fallow plants ensures that P w?ll be more readily avaiable fér subsequent crop use.
Rapid cyclng by fanov\i vegetation also tends to concentrate P in the upper horizons

of the sol where it wil be more avaiable to crop plants (Zinke et al, 1978). -

Nutrients in woody stem material and nutrients in leaves undergo different paths
back to ‘the sol Nutrients in the leaf _compoﬁent wil continually ¢ycle between the

plant and the soil as leaves fal and decompose, whie ‘those in woody stem material

- are essentially i}nmobﬁized untl they are released by buming at the beginning of the

next cropping cycle. It is therefore convenient -to consider the immobiized and the

cycling components of the_-nu.triants accumulated by falow vegetaion separately.

4.2.1 NUTRENTS MMOBILIZED IN STEM MATERIAL

Nutrients held in woody stem material contrbute to sol fertiity when falow vegeta-

tion is bumed, At this time nutrients which were stored in above ground biomass wil
be released as ash. Although nutrient concentrations were higher in leaves, in older
sites. stem ﬁateﬁm accounted fer most of the biomas( Thus most of the standing
nutrient stocks at the tme of buming wil be contained in the stem Taterial ‘Singh
ot al (1985) noted that nutrient-concentrations in the wood of tropical forest trees

are generally higher than in temperate trees. They suggested that increased stora
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of nutrients in wood is a strategy for nutrient conservation and may explain the
more rapid accumulation of nutrients by tropical forests as compared to temperate

forésts.

Nitrogen s subject to some volatiization during the burn, as is carbon and sul-
“fur. The extent of this loss. has generally been Vc'c;nsidered. to be great Nye and
Greerland (1960) suggested that all N-stored in the falow wil be lost in the burn
However, Ewel et al {(1981) reported that only 22% of the N stored in standing
vegetation in a study in the Amazon was lost duri:é burning. Simiarly Seubert
et al (1977) found that a 17 year old forest in the Peruvian Amazon yieldéd
67-kg-ha~1 N in the ash upon burning. In Thaland, however, Zinke et al (1978)
measured only 10 kg-ha‘1 ‘N in the ash of a buned 9 year old fallow, wfﬂe
- 193 kg-ha"'l N was stored in the vegetatio:\ and [itter of a seven year old fallow
nearby It.is evident that N stocks in falow biomass should not be disregarded,

though estmates of N held in standing vegetat:on wil not indicate the actual

amounts of N which wil be made available for crop growth

The rates of accumulation of nutrients during fallow development are of interest
as a means of assessin'g the benefit in terms of additional nutrient stocks in relation
to the cost of maintaining potential crop land in falow. An understanding of the
trends begun during the early fallow period wil be of value in understanding the
system. As fallow periods throughout the region become shorter such data wil

become in¢reasingly important.

-

Accumulation of P in stem material continued at a constant rate throughout the
first three years of falow development. Such a lnear -pattern of accumulation is
reasonable considering that P is fixed as various forms of calcium phosphate which
are only slightly soluble, and thus not readiy.avaiiaple to plants. Sf\ce the amount
of P avaiable at any time is very low relative to the total P reserves in the sOi,

\
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ciontinued accumulation would be expected to occur over a long period of time,
with a relatively insignificant reduction in the “sol P reserves. Hence the benefit
obtained in terms of increased P stocks in a recycleable form may be ex;;ected to
continue to hc‘rease with time as the fa'Jlow matures. Bartholomew et al (]953‘)
found a simlar pattern for P accumulation in falows in Zaire (Table '.15). In their
study, P continued to accumulat; in the wvegetation throughout an eighteen year
period of falow growth, whie N and K increased rapidly during the first five yearé
and then leveled out An altermative pattern -of: nutrient ‘uptake is possble however.
én;e et al (1978) observed that whie nutrient accumulation was slow between the
third and seventh years of fallow succession, it' increased at a. later stage. The_y-
suggested that changes in {c__he type of vegetation comprising the falow might explain
such a pattern. Toky and Ramakrishnan (1983b) found a simiar pattern in NE Inda
where bamboo, which did not begn to estab[ish until after 10 years of fallow, was

important in accumulating K (see Table 15).

.The pattern of accumulation of K in stem and wood was very different from
that of P, with the rate of accumulation faling rapidly after the first year. As was
seen in Table 4, little of the variation in K was accokmtgdﬁ for by the age of ’1:_he
fallows. This is probably because K is rapidly taken up by the vegetationn The pres-—
ence of deep roéts may alow an initial rapid recovery of K cations which have
been leached fr&rn ;thg_ upper soil horizons. The K which its not rapidy accumulated

may be leached fro

the rooting zone so that further accumulation will proceed

slowly from atmospherid\inputs and inputs from weathering.

After only “three years, K leveis reached 132'kg-ha”l. Lambert et al (1980)
estimated that K levels in a 45 year old hardwood forest in a nearby region wete
234 kg-ha~! Considering this value to be a good estimate for K levels that would
beobtahédbymes&rﬂarha}dwoodforestsaroundsuccotzitmbeseenthat
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after only 3 years, K levels in the vegetation are akeady half of what is found in a
forest fifteen times a‘s old. A simiarly rapid recovery was cbserved for N Lambert
ot al (1980) estmated levels of 203 kg-ha=! i ther 45 year old forest whie in
.the present study, 3 year old fallows accumglated 103 kg-ha‘1 N on average. The
pattern of N accumulation however differed from that of K. Unlke K, the increase in
N held in stems of nncreasmgly oldé'r falows remained constant at - about
20 gm 2yr 1 (Table 5). Thxs is probably related to important addtions of N to the

system by N-fixing bacteria, either free-lving or in association with legumes.

e -

Whie nutrient levels in the biomass may increase rapidly, improvement of sol
physical properties such as its buk density (deg‘ée of compaction} may proceed
more” slowly. Shortened fallow periods may thus lead to a declne in soi structure

before losses of nutrients from the agroecosystem become critical

Total nutrient stocks m vegetation at the tme of slash and burn however may
not be a good indication of the chtnbuﬁon the’ fallow wil make to soi fertiity,
even considering those nutrients which are not susceptble to volatiization This is
because the peak in nutrient avaiabiity folowing the burmis probably not synchro—
nous with the demand for nutrients by the crop. Although the maize seeds may
germinate and begin growing before the rains start, the maximum nutrient demand-
of the maize wil not occur unti after the rains have come. Because nutrients in the
ash are very susceptb[e‘ to leaching or fixation, the peak avaiabiity of nutrients
accumulated by fallow vegetation wil occur before the peak in nutrient demand of
developing maize. Losses of nutrients may therefore be expected to be high In NE
Thailand, Tulaphiak et al (1985) estimated that 80% of the loss of K and P from
soildu.mgatwoyearcmppmgcydeocwrrednﬂwenﬁalpenodbetweenburrm
and the establishment of a vegetation cover.

ol



Lpsses of nutrients contained in sthe ash —rn'ey be high even before the rains
begir:, due to relocation of thes\;ash from the field to the surrounding areas by wind..
Ewel et al (1981) found, that 16%-of N and 33% of'K that had been stored in fal-
low vegeta-t'ion was‘; Ios:t“f duet to removal of ash by wind and to lerac.hing by the
time of the first rain. 'ﬁaey‘ report that a further 33% of K and 13% of:'P had
been lost during the period between feéling the vegetation anfi burning it, . presumably

due to high rainfall in the humid region of Costa Rica where their study was located.

¢ b
As previously mentioned 22% of -the N in this study .was lost during™ e burn.

In considering the importance of leaching however, ‘ the distinction betweeﬁ
eutrophic and 6ligotrophic soils as described in section 1.4.1; m\thept in mind.
The soils of Succotz fit closer to the eutrophic er;d of this continn;tum aMus may
not be as susceptble to leaching. In a2 series of nutrient retention studies on Ultisols‘
of the Mountain Pine Ridge in Befize (Kelman -and Sanmugadas, 1885; Kelman ét al,

» .
1985; Kelman, 1985;)' it was determined that leaching of nutrients in ecosystems of
this region was relative-ly ‘mild. The sois involved in the study by Ewel et al (1881)
were of vofcanic origin, located in Costa Rica. It may be that heavier rainfal in this

region contributed to the degr’ee of leaching that was observed, as wel as different

soil properties.

Not all of the nutrients stored in falow vegetation wil be released upon burning
during the first year. Especialy when older fallows are burned, much of the wood is
not burned ccm:betely, and may become an important source of nutrients for sec-

ond year érops {Fambert and Arnason, 1986).

Due to the transient nature of the increase in fertiity after the burn, particularly

with respect to K, and loss of N by volatlization, input of organic matter in the
L

form of falen leaves during the fallow period, and subsequent release of stored

nutrients to the sol by decomposition is probably as important as the pulse of

J
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nutrients following the bumm. Zinke et al (1978) considered that whie P and K may
be mostly returned to the sol in the ash from burned fallows, N additions arise

" mainly during the period of falow growth

- 4
422 NUTRENTS IN LEAVES

Leaf biomass and the nutrients stored in leaves increased rapidly during the first
year. Subsequent accumulation proceeded more sloWIy, with an apparent drop in

~ -nutrient stocks between first and second year fallows folowed by a slght increase
between second and third year sites (Table 5). Whie the decine n leaf nutrients
during the second year may have been related to the replacement of annual species
of Compositae, having high nutrient concentrations, by. perennial species, it may also
have beeE a éampling artifact rel;téd to the lack of replication in time as discussed ;f(
in section 4.1.1. :

Maximum levels of nutrients were quickly reached in- the leaves so that subse-
quentraccumulation is expected to be slow. Bartholomew et al (1953) found that
levels of N, P and K stored in leaves of an 18 year old falow in the Congo were
essentially the same as those of a 5 year fallow (Table 15). Unike nutrients stored
n wood)r stem mé.teria] however, nutrients stored in leaves undergo rapid recycing
and are therefore of considerably greater importance than their levels n the biomass
at any one time may suggest Litter production by leaf fal and its subsequent
decomposition wil not only retumn ’rjut-ients to the sol in an wéaric form, but wil
Wiance sol physical properties through the addition of humus. Although Ftter dynam-
ics were not measured during this study, it is probable that nutrient imput from
leavesmaybeasknpoﬁgntashputsfromthekmnobﬁzedmtriernpodhme
wood Ewel (1968) found that annual retums of N, P and K for a 3 year site at
Lake Labal in Guatemala were 97, 37 and 165 kg/ha respectively. As a falow
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increases in age, contlnued inputs of ktter wil increase the mportance of thtS aSpect

of the fallow's contributlon to soi fertiity.

42.3 NUTREENT CONCENTRATIONS N INDIVIDUAL SPECES

. A .
It is within the context of nutrient additions by fitter fall that nutrient concentrations

in leaves of particular species becomes interesting. A species which is capable. of
“accumulating high concentrations of one or several important nutrients in its leaves

may play an important role in making those nutrients more-readiy avaiable to the

roo'ang zone of the sol Thus Spondius mombin, Rensonia — salvadorica _\g.nd |
C_oIL no. 240 may aid in more rapid accum;xlation‘of P in the soils where they occur "
In Guatemala, pure stands of Hefconia sp. and Gynerum sp. accumulated more P-
than mixed vegetation (Tergas and Popence, 1971). The possbiity for utiizing these
and other such species in a fallow system specificaly manag to iricrease nutrient
recovery warrants examination. There is indeed some evide\nce that indigenous
farmers practice selective weedng in order t¢ alow Species/ f‘they view as being
good for the soi 1o remain (Chacon and Gleissman, 1982) Managed falow systems
have been developed which emplqy fast-growing legumes such as kudzu (Pueraria
lobata) to improve N fertiity, retain nutrients in the agroecosystem and control weed
populations (Sanchez, 1976). - o

The question arises as to the orign of nutrients which are accumulated and
how some species manage 10 concentrate greater quantities than others. As _
Bartholomew et al (1953) noted, fallow vegetation does not create nutrients or
agcelerate weathering of primary sol minerals to any great extent, aithough addtion
of N by N-fixing bacteria in symbiotic relation with falow species is an exception
Rather they suggestedwmat the main role of falow vegetation in terms of nutrient

cycing was to mmobilize nutrients in organic forms which would become avadable to

Y



crops upon decomposition.
/ -

At!nosprteﬁc influx of nutrients through precipitation is a' source of new nutrients
whichJ may be of considerable importance over time. Keﬂman and_Carty (1986}
measured amuai"'hﬂ@es of 3.40 kg-ha~1 K and 0.12 kg-ha~! P in Bolizé.’Furﬂ:e;
addi‘ti;ns to hutﬁent. stocks w‘m come from weathering of primary soi minerals.
Plants having deep root éystems may play an important. role in pumping nutrients to
the upper soil horizons, thereby replerﬁshhé these horizons. -This may ge 'particulari_y
important with respect to nutrients which are rea;my Ieac;téd

n,

Individual species may vary in their _ébiﬁty to utiize relatively ur;avaﬂable forms of \
nutrients. 1'1 the case of P, which is very immobile in the soll, zones of depietion
form arcund root hairs. Species having lmycorrhizal associatié;ls develop a more
extensivq virtual' root system and thus have access:to greater amounts of P.
Olsen apé Fried (1957) have noted that some croj:s such as alfalfa and Ladino clo—
ver are able to extract m:an:e P from 'phosphate rock than can ;c_.;rasses: They sug-,
gesteci that differences in a plant's abiity- to absorb caicium could influence P
L-xptake;: a plan_t_ _w['u'c'h ‘decreased the calkium content of the soi solution surrounding
its roots would reduce fixation .of P’ by calcium thereby increasing its avaiabiity. A
second mechanism they mggested was fhat release of CO, by the roots would
decrease pH, thus increasing the solubility of calcium phosphate. Plants which gave

off more CO, at the roots would thus have access to greater amounts of P in

soils which where high in calcium.

Differences in nutrient concentrations of leaves may reflect different ratios of
cytoplasm to cel wal Since most of the nutrients are contained in the cytoplasm,
highly scleritized leaves, which are common in many tropical tree species, wil have

lower concentrations. High N concentrations in Eupatorium odoratum have previously

--  been noted by Saxena and Ramakrishnan (1983). They suggested that a correfation

- -



between leaf N concéntration and photosynthetic rate could explain the hish growth |

rate of this species.

The relationship between successional trends and nutrient concentratiorh as indi-
cated in Table 14 is interesting in this context High nutrieﬁt concentrations were
generally found among the species which were successful only in the young fallow
sites, while species which continued to grow in the more cornpetitive environmént of
older falows (the ‘increasing’ group) tended to have lower concentrations. High nut-
rient ' cmééntraﬁons '9 leaves seem to be associated with opportunistic species,
probably being a factor in their high .growth and reproductive rates. Such a strategy.
is successful when nutrients are sufficiently abundant to support the high growth
ra.tes of which these species are capable and when ight levels are high encugh for
the high photosyn'thetic capabiity of these plants to be efﬁcie;utly exploited. As
bel%w—groun?f competiton for nutrients and above-ground competition for light
increases, a strategy which emphasizes maximum height growth at a minimal nutrient
cost wil be favoured This is achieved by an increased allocation of biomass and
nutrients to woody stem material by which the plant can-achieve great height at a
relaﬁvely low nutrient cost. Because the emphasis is not on rapid growth rates, -
leaves can be more highly scleritized which leads to. greater permanency and

reduced nutrient losses due to leaching by rain water (Jordan and Herrera, 1981).

The differences in nutrient concentration of leaves among plant fénﬂes, as pre—
sented in Table 13 is of interest Hgh concentrations of N, P and K in the
Compositae I:ir‘;fty be related to the apparent success of this famly i~ the early
stages of falow development of the seven common species which were found with

their highest biomasses in the one year old fallows (decreasing’ species of Table 8),

. five belonged to this famly. The high N concentrations n the Leguminosae may

reflect the abiity of these species to associate with N-fixing bacteria.
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The abiity of plants to obtain nuu-ients;'especiaﬂy P is greatly affected bx the
presence or absence of associations between the roots and 'mycorrhizal fungi:' n the
tropics, associations with endomycorrhizal fungi (VAM) are extremely widespread.
Barea and Azcon-Aguiar (1984) estmated that. four fifths of all land plants may
form VA Wr-'nyc:orrhi:':al associations. Although mycorrhizal associations are widespread,
the extent to which plants are dependent upon the fungus is known to vary among
famiies of plants. Legumes for example form more extensive associations th;.n
- grasses (Barea and Azcon-Agular, 1984). It is probable that the availability or lack
of availabiity of mycorrhizal associations and differing dependencies upon myéorrhizae
will play an important role in nu.trie:Tt dynamics during fallow succession. Not only wil
burning -and other agricultural practices affect the avaiabiity of propagules for
ptanfs to regenerate, but it wil also influence the availabﬂit;r‘ of mycorrhizal fungt
Variable dégrees of association could be a factor in explaining the -high nutrient ¢con-

centrations in some famiies and lower accunulation in others, such as the Gramineae

and Sapindaceae.

43 WEED MANAGEMENT BY FALLOW-VEGETATION .

-

The principle involved in the use of fallow vegetation to manage weed populations is
to prevent or elminate growth of aggressive and prolific weed species by species
less harmful to crop production. Specifically this means ‘cont'omng noxious pan—
tropical herbs and grasses by local woody species. Although species belonging to
the woody ffeforms gained importance from the beginning of the successional period
they do not represent as serious a potential \;veed problem as herbaceous specses
and grasses do. First, survival strategy in trees and shrubs tends towards the alo-
cation of resources to assure permanency, not prolferation La;ge expenditures of

resources are invested in the woody material of above ground stem and branches
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and the below ground root system. The deep root systems ofl_ trees aliow them to
obtain part of their nutrient requirement from depths not accessble to crop plants.
Short-lived herbaceous species such as Eupatorium odoratum and kesine sp. ‘on the

other hand focus resource allocation towards rapid growth and seed production
 {Saxena and Ramakrishnan, 1984). These species are-therefore capable of extensive
proliferation and may become very serious competitors with crop plants. Kelman and
Adams (1970) considered that trhese pan-tropical weeds are a greater problem than

_ slower growing woody species. Secondly, Eupatorium odoratum and kesine sp. were

found to have high nutrient concentrations in their tissues, suggesting that these
species could be very aggréssive competitors for nutrients. Early regrowth of
woody species during the cropping period may compete with crop plants both for
ight and for nutrients, and therefore may be considered as a weed problem
However this regrowth may play an impo?tant role in ssuppressing moré aggressive

»

herbacecus weed species, such as Eupatorium odoratum or rhizomatous grasses,

which were not abundant in any of the plots studied. In light of such a.role, com-
petitive effects on crops due to woody material may be a small price to pay for
protection against more severe weed problems. In the case of-one young farmer at
Succotz who had insufficient land to allow a fallow period, yearly cultivation had led[
to complete infestation by an aggressive rhizomatous grass. In inda, Tc;ky and
Ramakrishnan (1983a) reported that herbaceous species dominated for five years
following al;andonment. When the agricultural cycle (cropping and fallowing) was five

years; as\is usualy the case, they noted that the fallow succession was arrested at
{

a he%rbac ous stage, and found that Eupatorium odoratum or Imperata cyindrica, a
noxious ri-ilmkmatous grass, doh'lhated.\_h Mindanao (the Philppines), Kelman (1989)
found that repeated weedngs of -ﬁe!ds under shifting cultivation resulted in severe
infestations by this grass, leading to ther abandonment. |

.
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The importance of the woody kfeforms in the very early stages of falow suc-
cession at Succotz would see; to indicate that the level of disturbance at these
sites is low. I spite of the burn and whatever weedng n;tay have been done dumg '
the two years of cropping, root stocks of many of the woody individuals which had
been growing in the previcus fallow appear to have survived and have led to the
abundant shoot growth that was observed in early sites. Thus the first plants to
regenerate after the\bum, as observed in plots which were éurrenﬂy under cﬁttiva—
tion, tqnded to be thosee arising from shoots. Subsequent growth presumably arose
either from buried seeds or from seeds which were able to dsperse to the site
during and after the last cropping season. The early importance of woody species
is of major significance to the vegetational development of the falow and hence to
control of aggressive weed populations. It could also play an important role in thé
accumulation of nutrients. By having a developed root system already in place at
the time of peak nutrient avaiabiity after burning, these plants are able to get a
head start on potential competitors which must begin establishment from seed. Deep
root sys{ems may be very important at this point in recyciing K, which would other-
wise be leached out of the rooting zone. In tihe absence of already establshed deep

roots, it is to be expected that K recovery would require considerably more time.

The traditional method of weed control practiced by the miperos at Succotz
involves . simply chopping regrowth several tmes during the cropping season. This
”method is wel suited to the situgﬁon as described abovg as it wil control competi-
tion for Eght whie maintainng viable root stocks. This ensures that the woody com-
ponent rapidly dominates the early succession at the expense of aggressive
herbaceous species. If more aggressive weed management techniques, such as the
use of herbicides were adopted and woody species were elminated from the crop
cycle, early falow succession would be considerably aitered Specificaly, efrmination
of sprouting potential of species from cultivated sites with established root systems--
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would result in a delay in the successional progression back .to forest species. This
would have two consequences. First, since the site would be open for colonization

- \ -
for a longer period of time, species having a large viable seed bank or those able
to disperse rapidly into the area‘ would be favoured Herbaceous pan-tropical spec- .

les such as Eupatori.u:n odoratum have such characteristics. Thus the eimination of

s-prouting potential would favour- colonization of more aggressive weed species.
Secondly, récovery of nutrients, in particular those which are susceptble to leaching,
would be delaye‘d, as considerable time would be required for the re-establshment
of deep roo;c systems. Competition with herbaceous species would fﬁ.rther delay

the establishment of woody species.

4.4 FUTURE WORK

This study has indicated the importance of woody species in the earliest stages of
fallow succession and l{:;s suggested that vegetative fegeneration from roots which
survived the burn and cultivation period of the shifting cultivation cycle is in part
responsble for this importance. Further studies are required to quantify the role of
sprouting and the effect of various cultivation practices on this form of regenera-
tion. It is befleved that as land use intensifies and falows become shorter, woody
growth wil be replaced by herbacecus growth and that fallow succession wil pro-
ceed more siowly. It is mportant that this process be wﬁgcstood in detal, in order
to determine management st'ategieé for shortened fallows, both with a view toward
controfing weed problems and in order to ensure the retention of nutrients in the
agroecosystem. The measurement of nutrients accumulated by the natural bush fal-
low in this study wil serve as basé-lhe data against which to compare degraded
fallows and falows which may be specificaly managed to achieve the results of the
bush falow in a shorter time period 13
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More intensive examination of sol properties is also requireéi to determine what
the long term effects of shortened falows wil be on not only sol nutrient levels
but also on structural properties of the soil The current method of planting maize
seeds directly into the soi using only a stick requires that the soil be relatively loose.
if soils become 'compacted with more intensive use, other cultural practices wil have

to be implemented in order to prepare the soi -

As our. understanding of the ecology of traditional fallow systems increases,
altemative—.f.aﬂov( systems may be deve]oped which can provide the same benefits
under shorter f:;\.lk)\.'\ir pericds. Such experknentél systems must be feasble not only
fu;om an ecological point of view, but they must_ also be acceptible to the populati}on

which is expected to utiize them
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Appendix 1. ) :
Biomass and Nutrient Totals for Individual Plo
Age Site  Plot  Blom N P K
(years} (gfm’r (mg/m?) (mg/m?) (mg/m?)
1 A 1 221.70 25221 148.29 45957
2 47938 43802 24840 6865.5
3 399.12 3r08s 203.38 84343
E 1 51057 66177 44434 6196.3
: 2 291.92 nna 260.92 4836.3
3 £32.15 63933 - 44576 62083
H 1 344.85 2766.0 228,68 4538.7
2 47382 3901.7 176.26 62118
3 45347 — -423193 268.45 2667.6
X 1 1107.2% 121119 301.48 15531.6
2 81535 73595 s11.91 12129.8
3 733.99 6661.1 500,26 16014.5
0 1 1142.22 8591.4 685.49 192288
2 630.46 5882.5 400.77 91616
3 103.08 77383 642.62 16092.4
2 B 1 1765.96 17170.2 788.90 118427
2 1440.78 10426.3 660.32 10918.3
3 1360.04 $667.5 54030 6958.7
D 1 851.08 S186.7 380.30 1970.4
2 860.17 4728.1 131.07 9307.3
3 643.86 3325.4 250.84 52033
F 1 354.58 48266 32777 10619.5
2 1561.53 9066.4 £27.69 174207
3 1315.08 10440.6 540.33 10217.6°
M 1 1170.80 77248 503.08 14114.7
2 1040.97 63749 — 441.82 111433
3 110322 87787 454.39 130755
N 1 1291.30 67293 £00.13 11821.9
2 1022.90 5430.6 360.10 6967.3
3 1769.34 6369.7 63597 18288.3
3 C 1 1776.14 10482.5 654.57 14388.7
2 1240.87 737197 438.03 3357.6
3 75081 111759 73392 14349.1
a 1 1911.16 11067.1 795.92 123843
2 2548.43 106703 744,39 11389.3
3 297391 144021 84226 11199.5
I 1 1695.63 30755 71272 13398.1
2 129478 6108.1 440,33 140674
3 1347.26 69278 395.40 9839.7
3 1 2291.43 131896 779.99 131083
2 4634.60 154329 1498.16 26826.1
3 3121.06 125494 1306.86 16342.2
L. 1 1174.30 6359.3 476.67 9169.2
2 1851.06 10154.5 633.21 139112
3 1467.47 9937.3 537.91 18475
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Appendix 2. Species Found in Fallows

Species Collection Number -
Acacia sp. 585
Aegiphila monstrosa 385
Alophylus sp. . 70
Annona. sp. 15
Bauhinia sp. 905
Bidens squarrosa 95
Brysonma crassifolia 370
Bunchosia sp. 7 B85
Bursera smaruba 105
Carica papaya " 855
Cecropia mexicana 865
Centrosema plumieri 655
Chrysophylum mexicanum 845
Cissus sicyoides 810
Corchorus siliquosus 135
Cordia diversifola 165
Croton glabellus 415
Cupania. sp. 110
Cyperus sp. ) 530
Dendropanax, arboreus 510
Desmodium canum _ 180 )
Desmoncus sp. 60
Eugenia sp. )

—7125
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Eupatorium akhicaule * 410

Eupatorium odoratum 225
Eupatorium pycnocephalum 205
Guarea sp. 310 < \
Hamelia patens 625 .
Heliconia sp. ' _ 920
Heliotropium _sp. N - 2_30
kesine celosia . T 260
Justica &e%ﬂora ) 275
Lantand camara ' 290
Lasianthaea sp. : 545
Lonchocgrpus castilioi 325
Lonchocarpus sp. 330
Metopium brownei 130
Mmosa hondurensis 860
Morinda yucatanensis 365
- Neurclaena lobata 340
COrbignya cohune : . 870
Ouratea lucens 405
Pachyrrhizus erosus 27'0
Passiflora coriacea 350
Passiflora foetida :450
Passiflora macrostemma " 440
Paulinia pinnata ‘ 425
Petria volubis 300 ‘
Piper niticufoium 170

Porophylium punctatum 4 4865



Pouteria sp.

Psychotria fmticetorﬁm
‘Psychotria grands
Psychotria nervosa
Psychotria pubescens
Psychotria tennuifolia
Randia aculeata
Rensonia salvadorica
Sarcostema sp..
Serjama goniocarpa
Smiax sp.

Solanum erianthum
Spondius mombin
Stizophyllum perforatum
SMe?teria macropﬁyfla
Ternstroemia tepezapote
Thevetia ahoui

Trema micrantha
Trichachne sp.

Trophis racemosa
Vitex glaumneri

Vitis tﬁfo&a

Zamia loddigesi

520
475
470
480
490
485
175
580
525
540
145
390
255
560
915

605

250
85
600

495

635
610
345
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