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SUMMARY 

A study of the relationships of soils and vegetation was undertaken in the 
humid tropical region of Lake Izabal, Guatemala, Central America. Soils and 
associated 10-month-old secondary growth were analyzed for N, P, K, Ca, 
and Mg. In  addition, organic matter,  A1 and pH were determined in the soil 
samples and plant  biomass for the secondary growth were calculated. 

The secondary growth biomass averaged 9,710 kg/ha for the 10-month 
growth period. Total nutr ient  content of the vegetation increased linearly 
with the biomass, except for 3/ig. 

The antagonism of Mg on K and Ca nutr i t ion was quite significant when 
Mg exceeded Ca in the soil under shifting cultivation. Pure stands of Heliconia 
sp. and Gynerium sp. appeared to be more efficient in accumulating P than 
stands of mixed vegetation. Chemical composition and dry matter  production 
of native vegetation may provide additional information to evaluate soil 
fertility in the humid tropics. 

INTRODUCTION 

The relatively high temperature and rainfall in the humid tropics 
accelerate the processes of weathering of the primary minerals and 
the decomposition of the organic materials in the soil. This results in 
a rapid release of plant nutrients which may be leached from the 
topsoil when the soil is disturbed. Soil fertility in lands under shifting 
cultivation in the humid tropics is closely associated with rapid 
growth of the native vegetation which immobilize nutrients in the 
plant tissue and prevent losses. 

* Present address - Department of International Agriculture, California State Poly- 
technic College, Pomona, California, U.S.A. 

** Director, Center for Tropical Agriculture. 
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The term 'shifting cultivation' is often used to connote a common 
practice of land clearing in the tropics. Land is prepared for planting 
by cutting and burning all bushes and most trees. Fields are gener- 
ally cultivated for a period of one to five years. The productivity of 
the soil is then restored by the regrowth of natural vegetation during 
the fallow period. Some advantages of fallowing after some years of 
cultivation suggested by N e w t o n 6 are: improvement of soil struc- 
ture, prevention of erosion, protection of organic and inorganic 
crumbs against disintegration, recycling of nutrients, and prevention 
of leaching. The uneconomical use of land and labor is the biggest 
disadvantage. 

The methods of land selection in Africa according to T r a p n e 11 l a 
are based on the association of soil fertility with types of native 
vegetation. However, R o u n c e  n stated that  good growth of the 
native vegetation should not be considered as evidence that  the soil 
would successfully support other types of vegetation. This statement 
was based on the fact that  certain types of soil were entirely unsuita- 
ble for the growth of grain crops during the initial years after clearing 
the land. N y e  and G r e e n l a n d  7 emphasized the importance of the 
nutrient cycle in restoring the fertility of the topsoil during the 
fallow period in shifting cultivation. 

The present investigation was initiated to evaluate the role of 
young native vegetation as an accumulator of nutrients in the cycle 
of shifting cultivation, and to relate nutrient uptake by second 
growth vegetation to soil productivity in the humid tropics. The 
restoration of soil fertility in shifting cultivation depends to a great 
extent on the growth and nutrient accumulation in the fallow vege- 
tation. A shorter fallow period and thus tess land is necessary when 
fertility is restored more rapidly. In this investigation the possibility 
of using the young second growth of native vegetation as an indi- 
cation of soil fertility was explored. In addition, some soil-plant 
relationships that  could be useful in different cropping systems in 
the humid tropics were evaluated. 

DESCRIPTION OF THE REGION 

Lake  Izaba l  occupies an area of app rox ima t e l y  1,200 square  k i lometers  
near  t he  A t l an t i c  Coast  of Guatemala ,  Centra l  America .  Soil and  vege ta t ion  
samples  were  col lected ill the  v ic in i ty  of t he  Lake.  
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TABLE 1 

Monthlyprecipitation(mm) for Murcielago*,LakeIzabal, GuatemalaC. A. 

Month 1961-62 1962-63 1963-64 1964-68 1965-66 1966-67 Average 

June 225 323 228 234 197 315 254 
July 494 385 285 245 327 293 338 
August 310 329 132 176 215 244 234 
September 310 261 394 95 271 312 274 
October 212 266 183 78 -- 204 189 
November 101 172 121 230 -- 53 135 
December 98 44 28 253 -- 39 92 
January 98 85 45 132 - 116 95 
February 46 52 21 24 -- 35 35 
March 112 158 47 15 100 90 87 
April 258 38 94 32 46 80 91 
May 94 131 209 127 179 -- 148 

Total 2358 2245 1787 1641 -- -- 1972 

* Station elevation: 30 meters above sea level. 

The region has a Tropical  Moist  Cl imate  wi th  a h igh  average t e m p e r a t u r e  
and  a t  least  20 m m  rainfal l  pe r  m o n t h  t h r o u g h o u t  t he  year.  Rainfa l l  da t a  for 
six years  t a k e n  a t  Murcielago, on the  n o r t h e r n  shore  of the  lake, are  p re sen ted  
in Table  1. T h e  records  sugges t  two  m a x i m a  dur ing  the  ra iny  season, one in 
Ju ly  and  ano the r  in Sep tember ,  and  two min ima  dur ing  the  drier  season in 
December  and  Februa ry ,  respect ively .  Tempera tu r e s  are re la ted  to rainfal l  
d i s t r ibut ion .  The  m a x i m u m  tempera tu re s ,  a round  35°C usual ly  occur dur ing  
the  dr ier  season in ear ly  June .  The t e m p e r a t u r e  declines as t he  ra iny  season 
progresses  and reaches  i ts  m i n i m u m  in Decemb er  and  Janua ry .  This mini-  
m u m ,  a round  15°C, is also re la ted  to  large cold f ron ts  which  occasional ly 
come f rom the  n o r t h  dur ing  the  win te r  mon ths .  

L a k e  Izabal  is su r rounded  b y  m o u n t a i n s  w i th  e levat ions  h igher  t h a n  a 
t h o u s a n d  meters .  On t h e  sou the rn  shore  t h e y  dip sha rp ly  in to  t h e  Lake.  
Elsewhere ,  a round  t h e  Lake,  smal l  areas of f lat  land  are present .  

The geology of t he  region has  been  descr ibed by  R o b e r t s  and  I r v i n g  10. 
A la te  Paleozoic and early Mesozoic se rpen t ine  b lock runs  n o r t h  of the  Lake  
wi th  occasional  l imes tone  foothills.  Und i f f e ren t i a t ed  schist ,  gneiss, phyl l i te ,  
and  qua r t z i t e  (metamorph ic  rocks of t he  P r e c a m b r i a n  era) are found  on the  
sou the rn  side of t he  Lake.  L a n d s  of t he  eas te rn  and  wes te rn  shores are com- 
posed of te r res t r ia l  a l luvium, slope wash,  anc ien t  lakebeds,  and  r iver  te r race  
deposi ts .  A depos i t  of Chochal  l imes tone  of Pe rmi an  age is found  on the  sou th-  
wes t  side a n d  o the r  u n n a m e d  fo rmat ions  of Pliocene,  Miocene, and  Oligocene 
rocks lie t owards  t he  nor thwes t .  
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The soils of the  area have  been classified by  S i m m o n s  et al. 12 The  pre- 
dominan t  series are:  Sebach, Guapinol ,  Chacon, Teleman,  and Polochic.  The  
more  acid soils are found on the  eastern and southern  shores of the  Lake. 
The soils on the  nor th  and west  are influenced by  the  l imestone  and serpent ine  
pa ren t  mater ia l ,  have  high concent ra t ion  of Ca and/or  Mg, and consequent ly ,  
a near  neu t ra l  pH.  Most of the  soils are h ighly  wea thered  clays excep t  for 
recent  a l luv ium in the  r iver  floodplains. 

Tropical  Moist  Fores t  and var ious hydrophy t i c  associations are  typ ica l  
vege ta t ion  types  in the  region bu t  ve ry  few areas are st i l l  undis turbed.  
Secondary  successions ot m a n y  different  species predominate ,  especial ly in 
areas where the  forests have  been des t royed by  fires, cu t  for t imber ,  or t he  
land has been under  shif t ing cul t ivat ion.  P ine  and low scrub occupy m a n y  of 
the  soils der ived f rom serpentine.  Almos t  pure  s tand  of corozo pa lm (Orbignya 
cohum) occupy some second growth areas. T h e y  are  a resul t  of shif t ing cult i-  
va t i on  where farmers have  left  these trees s tanding  for thei r  va luable  nuts  
and tha t ch ing  mater ia l .  Other  common  genera  found in second growth  are  
Heliconia, Gymrium, Cecropia, and var ious  legumes and grasses. 

No in tens ive  agricul ture  has ye t  been establ ished in the  region, except  for 
the  recent  in i t ia t ion of a few rubber  p lan ta t ions  and an oil pa lm p lan ta t ion  
on the  southeas tern  and nor th  side of the  Lake,  respect ively.  Most  of the  
agr icul tura l  land is in shif t ing cu l t iva t ion  and the  main  crop is corn, aug- 
men ted  by  cassava, rice, sugar cane, chili and bananas.  A surplus of corn is 
produced and i t  is e i ther  sold or fed to hogs for marke t ing .  

DESCRIPTION OF SITES 

Fields of first  year  second growth of the  na t ive  vege ta t ion  on dif ferent  
types  of soils representa t ive  of the  region around Lake  Izabal  were chosen 
for this invest igat ion.  Site locat ions are shown in Fig. 1. Addi t iona l  detai ls  of 
the  individual  sites are included in the  fol lowing paragraphs :  

1. lV~urcielago I. - This  site is s i tuated  on a gen t ly  undula t ing,  a lmost  f la t  
slope. The  soil consists of a l luvial  mater ia l  der ived f rom l imestone  and some 
serpent ine  pa ren t  materials .  I t  is a friable dark  b rown to b lack clay loam wi th  
high wate r  table  and poor  drainage.  The  former  crop was corn wi th  a yield of 
abou t  990 kg/ha.  Tile vege ta t ion  was dense, mixed  growth of m a n y  different  
species including a few grasses. 

2. Murcielago II .  - The  character is t ics  of Murcielago I and I I  are a lmos t  
identical ,  except  t h a t  the  soil of the  second site is a yel low brown clay wi th  
poorer  drainage.  

3. iKurcielago I I I .  - This  site is fur ther  in land than  t i le first  two sites. The  
soil, der ived f rom limestone,  is a f i rm black clay wi th  a med ium subangular  
b locky  s t ruc ture  and in te rmedia te  drainage on a 5 to 6% slope. The  former  
crop was corn which produced an es t imated  yield of about  900 kg/ha.  The  
vege ta t ion  was typica l  of the  mixed  second growth  of the  area. 

4. Murcielago IV. - This  site is a t  a lower e leva t ion  than  Murcielago I I I  
and w i t h  a more  gentle slope. The  soil is a friable brown clay der ived f rom 
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Fig. t. Map  of t he  L a k e  I z a b a l  Reg ion  in G u a t e m a l a .  N u m b e r s  i den t i fy  
field sites. (Based on  m a p  of Clasif icacidn de los Suetos de la iRepnbl ica  de  

G u a t e m a l a .  1959. Minis ter io  de Agr icu l tn ra ) .  

l imes tone  a n d  s e r p e n t i n e  p a r e n t  mate r ia l s .  T he  m e d i u m  c r u m b  s t r u c t u r e  of 
th i s  soil is m u c h  b e t t e r  t h a n  t h e  s t r u c t u r e  of Murcie lago I I I .  Corn,  t h e  fo rmer  
crop, p roduced  a n  e s t i m a t e d  yield of a p p r o x i m a t e l y  1,100 kg/ha .  P o c k e t  
gophers  wh ich  h a v e  been  obse rved  a t  th i s  site a n d  in o t h e r  b e t t e r  d ra ined  soils 
p l a y  a n  ac t ive  p a r t  in t h e  m e c h a n i c a l  m i x i n g  of t he  topsoil .  

5. Tunico .  - This  s i te  is on  a 7 to  8% slope a n d  grew corn  t h e  y e a r  before  
sampl ing .  T h e  e s t i m a t e d  yield of corn  was low, less t h a n  600 kg /ha .  T h e  soil 
is a fr iable,  r e d d i s h - b r o w n  c lay  der ived  f rom se rpen t ine  p a r e n t  ma te r i a I  w i t h  
m e d i u m  g r a n u l a r  s t r u c t u r e  a n d  i n t e r m e d i a t e  dra inage .  T h e  g r o w t h  of t h e  
v e g e t a t i o n  was less dense  c o m p a r e d  to  t h e  o t h e r  areas  in  t h e  region u n d e r  t h e  
same  condi t ions .  Some grasses were  p resen t ,  b u t  woody  bushes  p r e d o m i n a t e d .  

6. Icacal .  - T he  soil a t  t h i s  s i te  is a s t i cky  clay, l i gh t  grey, w i t h  a f ine 
g r a n u l a r  s t r u c t u r e  a n d  i n t e r m e d i a t e  dra inage .  T h e  p a r e n t  m a t e r i a l  is p r o b a b l y  
a l l u v i m n  depos i t ed  on  a n  old la tosol  ter race .  The  g r o w t h  a n d  yield of r ice 
was v e r y  poor  w i t h  p l a n t s  t h a t  showed  severa l  def ic iency s y m p t o m s .  G r o w t h  
of t h e  n a t u r a l  v e g e t a t i o n  was also poor.  Few  bushes  were p r e sen t  a n d  grasses 
a n d  b r a c k e n  fern  p r e d o m i n a t e d .  

7. L a  E n s e n a d a .  - T he  soil is a r edd i sh  clay w i t h  good d ra inage  on  a 15 to  
20% slope. T h e  soil is de r ived  f rom l imes tone  a n d  se rpen t ine  p a r e n t  mate r ia l s .  
T h e  s t r u c t u r e  is m e d i u m  c rumbs .  T he  p r ev ious  crop was corn  w i t h  e s t i m a t e d  
yie ld  of 600 kg/ha .  T h e  v e g e t a t i o n  was sparse  w i t h  ta l l  woody  b u s h e s  a n d  few 
grasses.  
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8. Jocolo. - The  land is a lmost  f la t  and the  soil is a young  alluvial ,  loose, 
l ight  brown loam wi th  single grain s t ruc ture  over ly ing a sticky, yel low-reddish 
c lay a t  a dep th  of about  50 cm. The  previous crop was rice and produced ve ry  
good yield according to  the  informant ,  bu t  the  actual  figures could no t  be 
es t imated.  Growth  of the  na tu ra l  vege ta t ion  was good and tile p lan ts  were 
dark  green. Bushes and grasses grew in a mix tu re  wi th  no p redominan t  species. 

9. E1 Estor.  - The  soil is a reddish s t icky c lay der ived f rom serpent ine  on a 
10 to 12% slope. The  s t ruc ture  is fine granular  and the  drainage is good. The  
site grew corn before sampling and the  yield was es t imated  a t  500 to  600 kg/ha,  
which is poor for t he  region. Growth  of the  na t ive  vege ta t ion  was poor,  
a l though i t  was dark  green. Few grass species were observed.  

10. San Felipe.  - Tile land is undula t ing  and has a slope of about  10%. The  
soil is der ived f rom an old latosol  te r race  close to the  lake shore. I t  is a friable, 
reddish clay loam wi th  med ium crumb s t ruc ture  and good dra inage over ly ing  
s t icky clay a t  a dep th  of about  40 cm. Corn was the  previous  crop and the  
yield was es t imated  to be average  for the  region, about  700 kg/ha.  Two 
dominan t  species of na tura l  vege ta t ion  were growing in pure  s tands  in the  
same field, one nex t  to  the  other.  These two species, Heliconia sp. and Gyne- 
rium sp., were sampled separately.  

No signif icant  differences in the  physical  soil characteris t ics  a t t r ibu tab le  to  
vege ta t ion  were observed,  a l though a sl ight  difference in soil color and slope 
was evident .  

EXPERIMENTAL PROCEDURE 

Samples  of t e n - m o n t h  old second growth  vege ta t ion  were collected on t en  
different  fields around Lake  Izabal  for de te rmina t ion  of p lan t  biomass and 
nu t r i en t  content .  

The  associated soils were also sampled  for chemical  analysis. Field work 
was carried out  a t  the  beginning of the  ra iny  season in 1964. The  na t ive  
vege ta t ion  biomass was calculated in kg/ha  on an oven-dry  basis wi th  roots  
excluded.  Dupl ica te  vege ta t ion  samples were digested by  the  wet  ashing 
me thod  described by  U l r i c h  et al. 15 Sample  composi t ion and to ta l  nu t r i en t  
con ten t  of the  na t ive  vege ta t ion  a t  the  t ime  of collect ion (10 months  old) were 
expressed on oven-dry  basis, 70°C. 

The  soil was sampled  at  three  different  depths  : 0-5, 5-20 and 20-40 cm, 
respect ively,  on two locat ions a t  each site. The  mois t  composi te  samples (5-7 
cores) were passed th rough  a 2 m m  a luminum sieve and stored mois t  ill plast ic  
bags. Dupl ica te  samples were t aken  to de te rmine  percentage  moisture.  The  
results of chemical  analysis were calculated on an oven-dry  basis, 110°C. 

To ta l  N in the  soil and vege ta t ion  samples were de te rmined  by  the  s tandard  
Kje ldah l  me thod  modif ied to include ni t rate .  The  p H  of the  soil was deter-  
mined  in a 2:1 water-soi l  suspension and in 1.0 N KC1. Organic m a t t e r  in the  
soil was de termined  by  the  Walk ley-Black  wet  combust ion  me thod  modif ied 
by  W a l k l e y  17. Acid soluble and absorbed P was ex t rac ted  from the  soil by  
the  B r a y  and  K u r t z  me thod  ~ and de termined  by  the  procedure  described 
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b y  T r u o g  14. P o t a s s i u m ,  Ca a n d  Mg w e r e  e x t r a c t e d  w i t h  n e u t r a l  n o r m a l  

a m m o n i u m  a c e t a t e  a c c o r d i n g  t o  t h e  m e t h o d  desc r ibed  b y  P e e c h  et  al .  9 

P o t a s s i u m  a n d  Ca were  d e t e r m i n e d  w i t h  a B e c k m a n  B F l a m e  S p e c t r o p h o t o -  

m e t e r .  M a g n e s i u m  w a s  d e t e r m i n e d  b y  t h e  c o l o r i m e t r i c  m e t h o d  desc r ibed  b y  

C a r v e r  a n d  R o b e r t s o n  a. A l u m i n u m  w a s  e x t r a c t e d  w i t h  1.0 N KC1 a n d  

d e t e r m i n e d  co lo r ime t r i ca l l y  b y  t h e  a l u m i n u m  m e t h o d  desc r ibed  b y  C h a p -  

m a n  a n d  P r a t t  4. 

RESULTS AND DISCUSSION 

Plant Biomass 
The natural vegetation biomass varied from 3,880 to 14,140 kg/ha. 

These figures in Table 2 are similar to values found in other humid, 
tropical areas with different types of vegetation calculated on the 
same growth period basis for comparison as indicated in Table 3. 

Unpublished data by Popenoe indicate that  the average biomass 
of unfertilized corn for the area around Lake Izabal is 9,930 kg/ha 
for 10 months growth. The value increased to an average of 29,960 
kg/ha with addition of fertilizer. The dry matter  biomass of pangola 
grass (Digitaria decumbens) on unfertilized soil averaged 16,130 kg/ 
ha and capulin (Trema micrantha) averaged 9,390 kg/ha on a similar 
growth period. 

TABLE 2 

Plant biomass* and composition (%) of ten-month old secondary 
growth in the Lake Izabal region 

Site no. and Biomass N P K Ca Mg 
location kg]ha 

1. 

2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 

10. 

Mureielago I 11560 1.05 0.09 1.06 0.44 1.14 
Murcielago I I  9350 1.03 0.10 0.80 0.51 0.90 
Mureielago I I I  9960 1.28 0.07 1.13 0.93 0.29 
Murcielago IV 7110 1.56 0.09 1.08 0.55 1.23 
Tunico 14140 1.07 0.07 1.48 0.90 0.52 
Icaeal 3880 1.37 0.10 1.33 0.44 0.40 
La Ensenada 13350 1.14 0.08 1.13 0.64 0.51 
Joeolo 9010 1.24 0.08 0.85 0.56 0.46 
E1 Estor 4430 2.08 0.13 1.34 0.69 0.82 
San Felipe 13870 1.28 0.25 1.32 0.65 0.62 

Average 9710 1.34 0.10 1.15 0.63 0.69 

* Dry-weight, roots excluded. Average o5 two plots. 



6002 LUIS E. TERGAS AND HUGH L. POPENOE 

TABLE 3 

Plant biomass and accumulation of nutrients in different vegetation types in the humid tropics 

Plant Accumulated nutrients** (kg/ha) 
Location Growth period biomass* References 

kg/ha N P K Ca Mg 

Kade, Ghana 40 years 
secondary forest 7000 1832.0 125.0 819.0 2526.0 346.0 Nye  and G r e e n l a n d  s 

Kumasi, Ghana 20 years 
secondary forest 5140 573.0 39.0 409.0 523.0 213.0 N y e  and G r e e n l a n d  s 

Benin, South 6 years fallow 
Nigeria Acioa barteri 6540 310.0 27.0 174.0 230.0 147.0 Nye  and G r e e n l a n d  8 
Bambesa, 2 years 
Congo Republic Elephant grass 16790 327.0 22.0 448.0 100.0 141.0 Nye  and G r e e n l a n d  s 
Central Congo 18 years 
Basin forest fallow 6660 555.0 74.0 401.0 556.0 B a r t h o l o m e w  et al. 1 

(Ca + Mg) 
Central Congo 8 years 
Basin forest fallow 13530 427.0 26.0 739.0 541.0 B a r t h o l o m e w  et aL 1 

(Ca + Mg) 
Izabal, 9 months 
Guatemala Heliconia sp. 8650 91.0 4.8 141.7 21.6 68.4 P o p e n o e  (Unpublish- 

ed data) 

* Oven dry weight, roots excluded; calculated on a 10 month growth period basis for comparison. 
** Over the total growth period. 

The young secondary successions did not seem to be more efficient 
than crops in terms of dry matter  production for the first year. Over 
a long period of time native vegetation possibly makes more ieffective 
growth than cropping systems as a result of Its resistance to pests and 
diseases and more efficient use of space, rather than its adaptive 
capacity to tolerate low levels of some soil nutrients. 

Soil pH 
The pH values of most of the soils studied were relatively high for 

humid tropical soils. Except for Icacal and Jocolo soils, in which the 
pH range was 4.6 to 5.9 in water and 3.8 to 4.8 in N KC1 solution, the 
pH of the other soils was above 6.2 in water and 4.7 in salt solution. 
The highest pH values, 7.7 in water and 6.7 in salt solution, were 
found in Murcielago II  soil at the 20 to 40 cm depth and in Murciela- 
go I topsoil as shown in Table 4. 
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TABLE 4 

Chemical analysis of Lake Izabat soils * 

Sites Depths pH % ppm me/100 g 
cm 

H20 N KC1 OAK. N P AL K Ca Mg 

Mureielago I 0 -  5 7.1 6,4 8.9 0.45 5.6 2.1 0.4 10.9 17.8 
5-20 7.4 6.4 3.1 0.20 1.5 2.0 0.1 4.7 19.1 

20-40 7.6 6.4 1.5 0.08 1.3 1.8 0.1 3.6 19.6 
Murcielago I I  0- 5 7.1 6.3 11.7 0.81 7.7 2.2 0.4 14 .1  25.0 

5-20 7.5 6.4 3.2 0.24 1.3 3.0 0.1 6.1 27.0 
20-40 7.6 6.4 2.6 0.18 1.3 2.5 0.1 6.2 23.9 

Murcielag 0 I I I  0-  5 7.4 6.4 10.2 0.65 23.1 6.2 1.8 43.6 I0.7 
5-20 6.6 5.3 3.1 0.32 2.8 4.3 0.4 51.1 9.1 

20-40 6.5 5,1 2.7 0.27 2.2 2.9 0.4 45.8 13.8 
Murcielago IV 0-  5 7.4 6,6 8.8 0.48 6.4 1.7 1.0 15.5 25.9 

5-20 7.5 6,4 2.4 0.21 1.9 0.7 0.3 10.8 23.2 
20-40 7.4 6,4 1.6 0.13 1.4 T 0.3 6.5 21.1 

Tunieo 0-  5 7.5 6,4 11.0 0.68 22.1 2.0 2.2 57.2 7.4 
5-20 7.2 5,9 4,7 0.45 2.3 T 1.7 55.8 7,6 

20-40 6.6 5.4 3.0 0.34 1.1 7.0 1.1 45.9 9.0 
Icacal 0-  5 5.0 4.0 7.3 0.32 9.4 86.7 0.3 1.4 2.5 

5-20 4.7 -" 3.8 5.5 0.25 5.0 150.6 0.2 0.3 1.4 
20-40 4.7 3,8 3.4 0.16 3.4 172.9 0.1 0.1 0.4 

La Ensenada  0-  5 6.5 5.2 8.2 0.58 0.6 T 1.3 19.0 27.6 
5-20 6.3 4.8 4.1 0.86 0.3 T 0.8 9.2 29.5 

20-40 6.2 4.7 2.4 0.19 0.2 T 0.4 11.6 33.1 
Joeolo 0-  5 5.7 4.5 7.5 0.35 4.1 4.0 0.2 3.0 5.3 

5-20 5.7 4.4 4.0 0.30 5.4 14.1 0.1 1.7 2.3 
20-40 5.6 4.3 3.5 0.18 2.5 44.0 0.1 0.4 1.2 

E1 Estor 0-  5 6.8 5.8 8.3 0.64 0.5 8.6 0.6 13.6 24.1 
5-20 6.7 5.6 5.2 0.45 0.6 6.2 0.3 7.8 24.6 

20-40 6.7 5.3 3.5 0.31 0,5 10.7 0.2 6.0 27.3 
San Felipe 0-- 5 6.7 5.7 3.9 0.27 14.6 6.9 0.2 11.0 5.5 

5-20 6.8 5.4 2.1 0.15 7.6 6.3 0.1 8.9 4.6 
20-40 6.5 5.3 2.0 0.15 10.5 7.1 0.1 9.9 4.7 

* Average for two plots. T = traces. 

Soil organic matter and total nitrogen 

The organic matter content of most of the soils was relatively high. 
The range in organic matter content was 6 to almost 12% in the top- 
soil except for the San Felipe soil which contained only 4% as indi- 
cated in Table 4. The organic matter content at 20-40 cm depth in 
all soils was greater than 1.5 per cent. In some cases e.g. the Tunico 
soil; this value was as high as 3 per cent. The organic matter is the 
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principal source of soil N and one of the main sources of P in shifting 
cultivation. Cation exchange properties of most tropical soils are also 
highly dependent on organic matter  levels. 

The total N and the organic matter  content of the soils in the Lake 
Izabal region are closely related. Nitrogen values were very high in 
the topsoil and decreased with depth. However, levels were still high, 
up to 0.1% at 20-40 cm depth. The C:N ratios in the profiles of all 
the soils varied from 6:1 to 13:1. The rate of N mineralization is 
usually very high in organic materials with such a low C:N ratio 
under conditions of high moisture and temperature. 

The total N content of the native vegetation is not very high and 
there usually is a good crop response to fertilizer N when applied to 
these soils which are high in organic matter  and have low C: N ratios. 
These data suggest that  the organic compounds present in these soils 
are very stable or the N is immobilized by  the microbial population 
of the soil before it is available to the plants. Some mineral N losses 
can be attr ibuted to leaching under conditions of high rainfall but  
this mechanism is probably only significant on disturbed bare soil. 

I-hosphorus 
The amount of extractable P was very low in most of the soils. 

Values ranged from 4 to 8 ppm with few exceptions. Murcielago II I  
and Tunico topsoils had the highest P values, 23.1 and 22.1 ppm, 
respectively. No correlation was found between extractable P in the 
soil and total P content of the vegetation. The determination of 
extractable P, although it is a method widely used in temperate and 
subtropical soils, has little value as an indication of availability of 
this element in tropical soils. The prediction of available P in tropical 
soils is a problem which still requires more research. 

The total P content of pure stands of Heliconia sp. and Gynerium 
sp., 34.7 and 26.3 kg/ha, respectively, were very high compared to 
that of normal mixed vegetation with similar biomass. Apparently, 
those two species are more efficient in absorbing P from the soil and 
therefore play a very important role in the nutrient cycle. N y e  s 
suggested the possibility of selecting individual species which were 
characterized by rapid accumulation of P and using these in fallow 
rotation. Heliconia sp. and Gynerium sp. seem to fulfill the condi- 
tions suggested by Nye for the region of Lake Izabal. 
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Potassium, calcium and magnesium 
The exchangeable K in the topsoil of the study sites ranged from 

0.2 to 2.3 me/100 g of soil and decreased with depth. The quantity of 
exchangeable K in the deepest horizon sampled was only about 30 
to 40 per cent of the amount in the topsoil. No relationship was 
found between the total K content of the vegetation and the Ca:K 
or the K : (Ca + Mg) ratios in the soil. Potassium luxury consump- 
tion by the native vegetation was not observed although this ele- 
ment tends to be absorbed by the plants in excess of its require- 
ments for good growth if it is available in excessive amounts in the 
soil. No difference in the efficiency of K uptake was observed be- 
tween the mixed second growth of the native vegetation and the 
pure stands of Heliconia sp. and Gynerium sp. 

Figure 2 shows the relationship between the exchangeable Mg in 
the soil and total K content of the native vegetation in mature soils 
high in exchangeable Mg. This relationship was highly significant 
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and suggests antagonism between K and Mg for absorption by  the 
native vegetation. 

Most of the soils studied were derived from limestone or serpen- 
tine, or a combination of both parent materials. The amount of 
exchangeable Ca was as high as 60 me/100 g in soils derived from 
limestone, and the amount of exchangeable Mg was as high as 34 me/ 
100 g in soils derived from serpentine as indicated in Table 4. In one 
group of soils the Ca: Mg ratio was greater than one and varied from 
1.5:1.0 to 10.0: 1. In another group, the Ca content was lower than 
the Mg content and the Ca:Mg ratio varied from 1.0: 1.X to 1.0:6.0. 
Depth of sampling in the different soils did not change their group- 
ing based on the Ca:Mg ratios. 

Many experiments have been conducted to determine the im- 
portance of the Ca:Mg ratio in the soil and its effects on plant yield 
and on the uptake of these elements and K. The Ca: Mg ratios were 
larger than one in the majority of reported cases since the Ca content 
in most agricultural soils exceeds Mg. However, this is not the case 
on serpentine soils. The primary minerals of serpentine rocks are 
very rich in Mg and low in Ca, and the soils derived from this type of 
parent material show the same characteristics. This type of soil is 
very common on the north shore of Lake Izabal. 

Previous analyses of crops and natural vegetation in the region 
around Lake Izabal shows that the Mg content was almost always 
larger than the Ca content. The Ca contents, Table 2, are unusually 
low for native vegetation. 

Figure 3 shows a relationship between total Ca content of the 
vegetation and exchangeable Ca at different depths in mature soils 
with Ca:Mg ratios smaller than one. The positive relationship was 
significant at all the sampled depths but  larger in the deeper hori- 
zons. These relationships did not hold true for the group of soils with 
Ca:Mg ratios larger than one or for young immature soils. 

W a l k e r  et al. 17 studied Ca and Mg nutrition in serpentine soils 
with Ca:Mg ratios in the absorbed state in the soils and in culture 
solutions. The native vegetation was more tolerant to low ratios 
than crops and able to absorb larger amounts of Ca and smaller 
amounts of Mg under the same conditions of low Ca:Mg ratios. 
However, they could not state with certainty whether an insuffi- 
ciency of Ca, an excess of Mg, or a combination of these, limited 
yield in the crop plants. K e y  et al. 6 investigated the effect of Ca:Mg 
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Fig. 3. Relationship between the total  Ca content of the native vegetation 
and exchangeable Ca at different depths in mature soils with Ca: Mg ratios 

less than 1 in the Lake Izabal Region. 

ratios ranging from 50:1 to 1:50 on plant growth. They found that 
the percentage of Mg in the plants increased as the Ca: Mg ratio 
decreased in the soil. They also observed a tendency for growth of 
corn and soybeans to decrease when the Ca:Mg ratio was less than 
one. They observed no effect when Ca exceeded Mg in the medium. 
The present investigation indicated that  the interactions between 
Ca, Mg, and K in the soil affect growth and composition of the native 
vegetation in the region of Lake Izabal under natural field conditions 
when soil Mg exceeds Ca. Further investigations should be conducted 
to separate the effects of the three elements on the total uptake of 
each one by the native vegetation and crops, and the effect on yields. 

Role o/ young secondary growth on shi/ting cultivation 

The amounts of nutrients stored by  native vegetation in ten 
months of growth in the Lake Tzabal region were estimated as fol- 
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lows: N, 48.2-159.8; P, 3,5-30.5; K, 46.4-183.3; Ca, 15.0-114.5; and 
Mg, 13.9-118.6 kg/ha. Upon burning most of the nutrients which are 
accumulated in the native vegetation are returned to the soil in 
available forms, except for N and S which are volatilized in signifi- 
cant amounts. 

Crop removal is one reason for the decline of nutrient levels in the 
soil, especially under shifting cultivation where the use of fertilizers 
to replace nutrients in the soil is very rare. Chemical analysis indi- 
cated that the reserves of nutrients in the soils investigated, except 
for leaeal, would probably be enough to support the present rate of 
growth of the native vegetation and, therefore, crop production at 
least for one year in a shifting cultivation cycle of perhaps 5 years. 
However, the use of fertilizers would be very helpful to establish the 
crops at the beginning of the growth period and extend the period 
during which crops could be grown. 

CONCLUSIONS 

The young secondary growth biomass varied from 3,880 to 14,410 
kg/ha, with an average of 9,710 kg/ha. Total nutrient contents were 
estimated as follows: N,  48.2 to 159.8; P, 3.5 to 30.5; K, 46.4 to 
183.3; Ca, 15.0 to 114.5; and Mg, 13.9 to 118.6 kg/ha. Total nutrient 
contents ot the vegetation increased linearly with the biomass, ex- 
cept for Mg. Total K content of the vegetation was inversely related 
to the exchangeable Mg in the topsoil when Mg exceeded Ca in the 
soil. Total Ca content of the vegetation was related to exchangeable 
Ca in soils with Ca:Mg ratios smaller than one. Therefore, the an- 
tagonism of Mg on K and Ca nutrition was quite significant only 
when Mg exceeds Ca in the soil under natural conditions in the Lake 
Izabal region. 

No apparent relationships were noted between the total N and P 
contents of the vegetation and soil total N and extractable P, re- 
spectively. However, pure stands of Heliconia sp. and Gynerium sp. 
appeared to be more efficient in accumulating P than stands of 
mixed vegetation. 

Young secondary growth did not appear to be more efficient than 
various cropping systems in terms of dry matter  production. Mixed 
stands of vegetation also did not appear to be more efficient than 
crops in the uptake of nutrients. 
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Chemical composition and dry matter production of native vege- 
tation may provide additional information in the evaluation of soil 
fertility in the humid tropics. This approach appears to be especially 
true in the case of N and P, for a soil analysis alone for these two 
nutrients in the present investigation did not provide a useful basis 
for predicting the supplying power of the soil. 

The future development of soil management practices and agri- 
culture in the humid tropics depends to a great extent upon tile 
knowledge of the effects of limiting environmental factors on crop 
production. More ecological research is necessary for a better under- 
standing of these problems in tropical agriculture. 

Received April I, 1970 
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