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Preface 

This report is based on research carried out jointly by the Faculty of Natural 
Resources of the University of Suriname and Wageningen Agricultural Univer­
sity, the Netherlands. The project, entitled 'The permanent cultivation of rainfed 
annual crops on the loamy soils of the Zanderij formation', was formulated 
within the context of a formal agreement for research cooperation between the 
two universities. Its justification was found in the interest the Suriname govern­
ment had in the future agricultural developments of these low fertility acid soils. 

The project was financed by the two universities. During the first few years 
a substantial contribution to the project funds was received from the Directorate 
General for Development Cooperation of the Dutch Ministry of Foreign 
Affairs. 

Although the project officially started in 1977, the research was a continuation 
of investigations initiated five years earlier by the Centre for Agricultural 
Research (CELOS) and the Agricultural Experiment Station. The project was 
discontinued at the end of 1983 when circumstances beyond the partners' control 
prevented the agreement from being renewed. 

CELOS served as the project headquarters and supplied laboratory, technical 
and administrative facilities, and personnel. Its director was the official project 
administrator. 

The field work was carried out partly on the project's own experimental farm 
at Kabo, and partly on the Coebiti farm of the Experimental Farms Foundation 
(STIPRIS). STIPRIS provided support for this work at Coebiti by making per­
sonnel, land and equipment available. 

The research was monitored by the 'Begeleidings Commissie Suriname projec­
ten' (Technical Steering Committee) consisting of members representing both 
universities and the Suriname Ministry of Agriculture. General matters regard-
•ng the cooperation between the two institutes were the responsibility of the 
bipartite 'Samenwerkings Overeenkomst Commissie' (Cooperation Agreement 
Committee). 

The publication in its present form is the edited version of an interim report 
prepared in 1982 by the project staff under the supervision of the teamleader 
Dr. J.F. Wienk. Dr. B.H. Janssen of the Department of Soil Science and Plant 
Nutrition of Wageningen Agricultural University, who was involved in the 
supervision of part of the research, rewrote some chapters and edited the final 
report. In the last stages of this work he was assisted by Dr. J.F. Wienk. 

The study shows that mechanized annual cropping in this ecologically proble­
matic part of the tropics presents a number of problems which so far had not 
come to light and therefore had not been taken into account. The results provide 
a useful contribution to the existing information on the management of low 
fertility acid soils when used for annual cropping. 

Wageningen, January 1990 Samenwerkings Overeenkomst Commissie 
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1 Scope of the research 

Until recently, low fertility acid soils in the humid tropics of South America 
and Africa were used for the cultivation of annual crops within the shifting culti­
vation system only. The obvious reason for this was their low productivity. In 
shifting cultivation crops make use of the nutrients set free by burning part of 
the forest vegetation and by the mineralization of easily decomposable organic 
matter. These supplies being exhausted after two to five crops, farmers have 
to abandon the land, and forest takes over again. 

In many countries population growth is forcing scientists to find a way of 
using poor soils. Various institutes, such as the Centro Internacional de Agricul-
tura Tropical (CIAT, Colombia), the Centro de Pesquisa Agropecuaria do Cer-
rado (CPAC, Brazil), the Empresa Brasileira de Pesquisa Agropecuaria 
(EM B RAPA, Brazil), the International Institute for Tropical Agriculture (I ITA, 
Nigeria), the Instituto Nacional de Investigación y Promoción Agraria (INIPA, 
Peru) and the North Carolina State University (NCSU, USA), have devised 
intensive research programmes on this topic, alone or in joint projects. 

Where increased population pressure is the main driving force behind such 
studies, the research is, as a matter of course, aimed at solving the problems 
encountered in smallholder farming systems with a low degree of mechanization. 

In Suriname, however, the situation is different in two important respects: 
1 there is no pressing necessity to use the low fertility acid soils for agriculture; 
2 because labour is scarce and expensive a high degree of mechanization is 

required once it is decided to farm on these soils. 

This report presents the main results of a project entitled: 'Permanent Cultiva­
tion of Rainfed Annual Crops on the Loamy Soils of the Zanderij Formation' 
which was one of the projects in a joint research programme of Wageningen Agri­
cultural University, the Netherlands, and the University of Suriname. Another, 
closely related project is 'Human Interference in the Tropical Rainforest Ecosys­
tem'. Both projects studied possible uses of the rainforest area in Suriname. 

The objectives of the annual crops project were 
1 to analyse the chemical, physical and biological changes taking place in and 

above the soil when rainforest is replaced by annual crops; 
2 to identify the factors limiting the production of annual crops and to design 

methods to alleviate these constraints; 
3 to indicate which crops are most promising and how they should be cultivated; 
4 to find out what machinery would be most appropriate under the prevailing 

conditions; 
5 to develop annual cropping systems within the framework of mechanized 

farming. 
Wageningen Agric. Univ. Papers 90S (1990) 1 



These objectives required the continuous participation of specialists in crop 
husbandry, soil science and fertilizer use, tillage, agricultural engineering and 
crop protection. Special studies of shorter duration were made on weeds and 
on soil fauna. 

The introductory sections (2 and 3) of this report give a general picture of 
Suriname and of the Zanderij Formation. They are followed by a section describ­
ing the original conditions, i.e. under forest, on the experimental sites. Sections 
5 to 9 deal with the five objectives mentioned above. The main conclusions and 
recommendations are summarized in Section 10. 

Wageningen Agric. Univ. Papers 90-5 (1990) 



2 Suriname 

2.1 Geography 

Suriname, situated on the northeastern coast of South America, has an area 
of just over 163 000 km2. It lies between latitudes 2° and 6° north and between 
longitudes 54 ° and 58 ° west, and is bordered by the Atlantic Ocean to the north, 
Guyana to the west, French Guiana to the east and Brazil to the south. 

Suriname is divided into three major physiographic regions: the coastal plain, 
the Zanderij belt and the interior uplands (Fig. 1 ). 

The coastal plain, covering 20000 km2 and comprising an old (Pleistocene) 
and a young (Holocene) coastal plain, is about 40 km wide in the east and 120 
km in the west. This nearly flat region mainly comprises heavy marine clay de-
Posits; the highest point is about 10 m above sea level. In the central and eastern 
Parts of the young coastal plain sand ridges that sometimes form extensive com­
plexes occur. The sand may contain variable amounts of shells. 

The Zanderij belt is a narrow, more or less continuous strip of predominantly 
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sandy soils running east-west. It is 5-10 km wide in the east and 60-70 km in 
the west and covers 8750 km2. Because the vegetation in large parts has a savanna 
character, the region is often referred to as 'the savanna belt'. Most of the area, 
however, is covered with tropical rainforest. The area is gently undulating; its 
maximum elevation in the south is 50 m. 

The uplands are part of the Guiana Shield'. Their residual soils are derived 
from igneous and sedimentary Precambrian rocks. This sparsely populated 
region, comprising more than four-fifths of the country, is mainly gently to 
moderately rolling with some steep ground in the relatively few mountainous 
areas. The highest point is 1280 m. 

2.2 Agriculture 

In 1981 about 88 per cent of the country's 350 000 inhabitants lived in the coastal 
plain, with the capital, Paramaribo, as the main urban centre where approxi­
mately 135 000 people were concentrated. Most of the agricultural activities are 
restricted to the young coastal plain and to an area of the old coastal plain 
south of Paramaribo. 

Farming the heavy clay soils, which mostly lie below high-tide level, requires 
extensive drainage in the form of polders. Moreover, cambered beds and exten­
sive open drainage systems are necessary even on most of the ridges. This hinders 
mechanized farming. Modern agricultural machinery, and even aircraft are used 
for rice, but for other crops the heavy soils in combination with the humid cli­
mate cause problems of workability and trafficability. 

The main crops are rice, citrus, sugar cane and bananas, which are grown 
on a medium to large scale (Table 1). Other food crops and vegetables are grown 
by small farmers, mainly on the sand ridges. 

Table 1. Areas and gross production values of Suriname's agricultural commodities in 1980. From 
Anon. (1981). 

Crop 

rice 
oil palm 
sugar cane 
citrus 
banana and 

plantain 
coconut 

Area 
ha 

64956 
2 557 
2392 
1933 
1909 

1097 

Value 
SRG a )x l000 

63 634 
4091 
4085 
5316 

12509 

822 

Crop 

vegetables 
cocoa 
groundnut 
pulses 
maize 
coffee 
other crops 

Area 
ha 

719 
250 
208 
189 
183 
152 

1074 

Value 
SRGxlOOO 

6 546 
169 
687 
271 
261 
486 

5925 

total 77619 104 775 

pastures 14937 

a) 1 USD = SRG 1.80. 

4 H'ageningen Agric. Univ. Papers 90-5 (1990) 



Apart from the Amerindian and Bush Negro settlements along the rivers, 
the interior uplands and the Zanderij belt are virtually uninhabited. The main 
agricultural activity in these regions is subsistence shifting cultivation. A recent 
development is the introduction of livestock and oil palm; the area of the latter 
exceeded 4000 ha in 1982. 

The Zanderij belt soils are chemically less fertile than the soils of the coastal 
plain but their physical properties were believed to be better. Their sandy nature, 
higher permeability and natural drainage do not as a rule require cambered 
beds, open drains or other techniques to cope with excess water during the rainy 
season. Therefore there are fewer obstacles to mechanized farming systems than 
in the coastal plain. This largely explains the government's agricultural interest 
in this area. 

2.3 Agricultural research on Zanderij soils 

Access to the Zanderij belt was greatly improved in the 1960s following the 
construction of a road network to exploit the rainforest for its timber. In 1969 
a 73-ha experimental farm, Coebiti, cleared from exploited rainforest, was 
opened up in the northern part of this region to study the agricultural potential 
of the Zanderij belt. It was extended to 100 ha in 1975. The soils of Coebiti 
were considered to be representative of the Zanderij belt. 

Initially, the research at Coebiti focused on pastures and perennial crops. Cit­
rus, oil palm, coconut and bananas were monitored. Areas not immediately 
planted to grass or a particular crop were sown to kudzu. In 1972 annual crops 
were added to the programme and observation plots of cassava, maize, sorghum, 
groundnut, soybean, cowpea and mungbean were established. Most of this early, 
mainly exploratory, research on annual crops was carried out by individual 
researchers from Wageningen Agricultural University, the Netherlands, operat­
ing from the Centre for Agricultural Research (CELOS) near Paramaribo. In 
• 976 this work was reformulated, resulting in the project whose results are de­
scribed in this report. 

The project started late 1977. To meet its objectives a 25-ha farm, Kabo, 
located in the southern part of the Zanderij belt (Fig. 1) some 40 km southwest 
from Coebiti, was cleared from unexploited rainforest. Clearing started in 1978 
and was completed early 1979. Since that time both farms have been used for 
field experiments. To distinguish between the farm areas at Coebiti cleared in 
'969 and 1975, the latter will be referred to as Coebiti extension. 

Wageningen Agric. Univ. Papers 90-5 (1990) 



sandy soils running east-west. It is 5-10 km wide in the east and 60-70 km in 
the west and covers 8750 km2. Because the vegetation in large parts has a savanna 
character, the region is often referred to as 'the savanna belt'. Most of the area, 
however, is covered with tropical rainforest. The area is gently undulating; its 
maximum elevation in the south is 50 m. 

The uplands are part of the Guiana Shield'. Their residual soils are derived 
from igneous and sedimentary Precambrian rocks. This sparsely populated 
region, comprising more than four-fifths of the country, is mainly gently to 
moderately rolling with some steep ground in the relatively few mountainous 
areas. The highest point is 1280 m. 

2.2 Agriculture 

In 1981 about 88 per cent of the country's 350 000 inhabitants lived in the coastal 
plain, with the capital, Paramaribo, as the main urban centre where approxi­
mately 135 000 people were concentrated. Most of the agricultural activities are 
restricted to the young coastal plain and to an area of the old coastal plain 
south of Paramaribo. 

Farming the heavy clay soils, which mostly lie below high-tide level, requires 
extensive drainage in the form of polders. Moreover, cambered beds and exten­
sive open drainage systems are necessary even on most of the ridges. This hinders 
mechanized farming. Modern agricultural machinery, and even aircraft are used 
for rice, but for other crops the heavy soils in combination with the humid cli­
mate cause problems of workability and trafficability. 

The main crops are rice, citrus, sugar cane and bananas, which are grown 
on a medium to large scale (Table 1 ). Other food crops and vegetables are grown 
by small farmers, mainly on the sand ridges. 

Table 1. Areas and gross production values of Suriname's agricultural commodities in 1980. From 
Anon. (1981). 

Crop 

rice 
oil palm 
sugarcane 
citrus 
banana and 

plantain 
coconut 

Area 
ha 

64956 
2 557 
2392 
1933 
1909 

1097 

Value 
SRGa)xl00O 

63 634 
4091 
4085 
5316 

12 509 

822 

Crop 

vegetables 
cocoa 
groundnut 
pulses 
maize 
coffee 
other crops 

Area 
ha 

719 
250 
208 
189 
183 
152 

1074 

Value 
SRG x 1000 

6546 
169 
687 
271 
261 
486 

5925 

total 77619 104775 

pastures 14937 

a) 1 USD = SRG 1.80. 
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Apart from the Amerindian and Bush Negro settlements along the rivers, 
the interior uplands and the Zanderij belt are virtually uninhabited. The main 
agricultural activity in these regions is subsistence shifting cultivation. A recent 
development is the introduction of livestock and oil palm; the area of the latter 
exceeded 4000 ha in 1982. 

The Zanderij belt soils are chemically less fertile than the soils of the coastal 
plain but their physical properties were believed to be better. Their sandy nature, 
higher permeability and natural drainage do not as a rule require cambered 
beds, open drains or other techniques to cope with excess water during the rainy 
season. Therefore there are fewer obstacles to mechanized farming systems than 
in the coastal plain. This largely explains the government's agricultural interest 
in this area. 

2.3 Agricultural research on Zanderij soils 

Access to the Zanderij belt was greatly improved in the 1960s following the 
construction of a road network to exploit the rainforest for its timber. In 1969 
a 73-ha experimental farm, Coebiti, cleared from exploited rainforest, was 
opened up in the northern part of this region to study the agricultural potential 
of the Zanderij belt. It was extended to 100 ha in 1975. The soils of Coebiti 
were considered to be representative of the Zanderij belt. 

Initially, the research at Coebiti focused on pastures and perennial crops. Cit­
rus, oil palm, coconut and bananas were monitored. Areas not immediately 
planted to grass or a particular crop were sown to kudzu. In 1972 annual crops 
were added to the programme and observation plots of cassava, maize, sorghum, 
groundnut, soybean, cowpea and mungbean were established. Most of this early, 
mainly exploratory, research on annual crops was carried out by individual 
researchers from Wageningen Agricultural University, the Netherlands, operat­
ing from the Centre for Agricultural Research (CELOS) near Paramaribo. In 
1976 this work was reformulated, resulting in the project whose results are de­
scribed in this report. 

The project started late 1977. To meet its objectives a 25-ha farm, Kabo, 
located in the southern part of the Zanderij belt (Fig. 1) some 40 km southwest 
from Coebiti, was cleared from unexploited rainforest. Clearing started in 1978 
and was completed early 1979. Since that time both farms have been used for 
field experiments. To distinguish between the farm areas at Coebiti cleared in 
1969 and 1975, the latter will be referred to as Coebiti extension. 
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3 Physical environment of the Zanderij belt 

3.1 Climate 

According to Köppen's classification the major part of Suriname has a Tropical 
Rainforest (Af) or a Tropical Monsoon Climate (Am). The climate of the Zan­
derij belt is partly Af and partly Am. At the Kabo and Coebiti Experimental 
Farms an Af climate prevails; that is, all months have a mean rainfall of more 
than 60 mm. 
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Fig. 2. Average monthly relative air humidity and monthly rainfall at Zanderij Airport ( 1952-1980). 
A = average; H, L = high and low 10 percent limits, respectively. 
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Meteorological recording at Coebiti and Kabo started in 1971 and 1980, re­
spectively. The nearest station for which long-term meteorological data are 
available is Zanderij Airport, about 35 km east of Coebiti. Rainfall data from 
both locations over the period 1971-1980 show close similarity. The data avail­
able for Kabo are still too few to draw conclusions as to a possible similarity 
with Zanderij Airport, but large differences are not expected. Therefore, meteor­
ological data from Zanderij Airport have been used to characterize the climate 
of the two farms. 

The mean annual rainfall for Zanderij Airport is 2221 mm. Distribution is 
bimodal so that two rainy and two dry seasons are distinguished. According 
to the Meteorological Service these seasons are as follows: 

Short rainy season 
Short dry season 
Long rainy season 
Long dry season 

21 November -14 January 
15 January -19 April 
20 April - 14 August 
15 August - 20 November 

Average monthly rainfall varies from 300 mm (June) to 84 mm (October) 
(Fig. 2). Most rain falls in the afternoon between 14.00 and 17.00 h, which is 
when the highest daily intensities are also recorded. The driest period of the 
day is 09.00-10.00 h. Generally, rainfall intensity from January to April is lower 
than during the rest of the year. 

relative humidity, % 

100-

90 

80 

70 

60-

50 

00.30 03.30 0630 09.30 12.30 15.30 1830 21.30 

time of day, h 

Fig. 3. Average hourly relative air humidity for June and October at Zanderij Airport ( 1952-1980). 
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The mean daily relative humidity closely follows the seasons (Fig. 2). During 
the rainy seasons the average relative humidity is 84 per cent, whereas in the 
short dry season it is 80 per cent and in the long dry season it is 74 per cent. 
During the night relative humidity increases to about 96 per cent, dropping on 
average to 53-68 per cent during the day, depending on the season (Fig. 3). 

Mean monthly temperature varies from 25.7 °C (February) to 28.0'C 
(October) (Fig. 4). Daily temperature fluctuations are much larger - on an annu­
al basis the mean daily minimum temperature is 21.9 °C and the mean maximum 
is 31.9°C. The highest mean daily maximum temperature (34 °C) is recorded 
in October and the lowest mean minimum (20.5 °C) in January. 

Average duration of sunshine does not reflect the bimodal rainfall distribution 
pattern. September, with a maximum of 7.7 hours of sunshine, is the sunniest 
month. From December to June sunshine varies little around an average of 4.5 
hours. In spite of a high average rainfall of 245 mm, July has much more sunshine 
than the drier months of February and March (Fig. 4). 

Average wind speeds are low (1.7 m s '). Wind speeds from 8.5 to 10.8 m s~' 

time, h 

30-

25-

•"--. _-»-""' 
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—1 
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Fig. 4. Average duration (h) of sunshine (07.00-17.00 h) and average maximum, mean and minimum 
monthly temperatures at Zanderij Airport (1952-1980). 
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have been recorded in only 0.28 per cent of the cases. Speeds of 20-30 m s ~' 
have been recorded occasionally during thunder storms, but only for very short 
periods. Suriname is not affected by tropical cyclones. 

Data on Class-A pan evaporation are available for Zanderij Airport for the 
period 1973-1980. Evaporation ranges from 117 mm in December to 171 mm 
in September and October. 

Temperature distribution allows year-round crop growth, but rainfall, espe­
cially its distribution and reliability, is a limiting factor for the production of 
annual crops. Climate-related constraints will be discussed in Sections 6 to 9. 

3.2 Soils 

The Zanderij Formation consists of sediments up to several metres thick, with 
textures of sand to sandy clay, overlying the crystalline basement rock of the 
Guiana Shield. They are assumed to have been deposited by a system of braiding 
rivers during the Pliocene (Van der Eijk, 1957; Krook & Mulders, 1971). The 
area generally slopes northwards, with elevations of 30 to 50 m above sea level 
in the south, decreasing to about 10 m in the north. Despite incision by creeks, 
the area has a flat to undulating topography, with some steeper slopes along 
drainage lines. 

The original material was intensively weathered before transportation and 
sedimentation and therefore the sediments were already poor in nutrients when 
soil-forming processes started. 

According to Bennema ( 1982) most loamy Zanderij soils belong to the Yellow 
Kaolinitic Oxisols intergrading towards Ultisols. The Yellow Kaolinitic Oxisols 
are extensive on sediments of Tertiary origin in South America, especially in 
Brazil. They have a low iron content and a low stability. Their subsoils have 
a bright brown to yellowish brown colour. Clay content generally increases with 
depth. In Suriname these soils are described as brown sands and brown loams 
(Table 2). 

During the rainy season water might be stagnant at centres of nearly level 
plateaus and on footslopes, especially where a porous soil overlies a less perme­
able substrate. This periodic waterlogging causes mobilization of iron, destruc­
tion and removal of clay, and the dispersion of organic matter and its accumula­
tion at great depth. Soil colour gradually becomes duller. Eventually a bleached 
eluvial A2 horizon of white sand is formed, slowly increasing in thickness. The 
export of soil material lowers the soil surface, resulting in more waterlogging 
and thus intensifying the process. Areas of bleached white sand have been and 
are still being formed in this way (Lucas et al., 1982). 

The sand fraction predominantly consists of medium-sized (250-500 urn) 
quartz and the clay fraction of kaolinite. Organic matter contributes more to 
CEC than clay. Soil pH(H:0) ranges from 4.6 to 5.2 and the sum of ionic equiva­
lents of exchangeable bases ranges from 1 to 10 mmol kg1. 

The brown loams have the higher values of these ranges but are still chemically 
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Table 2. General characteristics of the Zanderij soils in Suriname. 

Natural 
vegetation 

Texture, topsoil 
subsoil 

Approximate area 
proportion") 
km1 

Bleached 

savanna 
and savanna 

White sands 

sand 
sand 

0.4 
3 500 

forest 

Non-Bleached 

mixed upland forest 

Brown sands 

sand 
sand to 
sandy loam 

0.3 
2625 

Brown loams 

loamy sand 
sandy clay-
loam 

0.3 
2625 

a) Proportion of Zanderij area. 

poor. The white sands are so poor that they were ignored in this study. Approxi­
mately 40 per cent of the brown loams are unsuitable for arable farming because 
of swampy creek beds, outcrops of residual stony material, and steep slopes. 
A large part of the remaining 1575 km2 is distributed over small patches, bor­
dered by white and brown sands, creeks and steep slopes, which limit their agri­
cultural use. 
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4 Original conditions on the experimental sites 

4.1 Natural vegetation 

The Coebiti Experimental Farm was established in an area of exploited forest 
and savanna, and the Kabo farm in an area of unexploited forest where balata 
bleeding had been the only recent human activity. 

The virgin forest mainly consisted of a mixed mesophytic dryland forest with 
hydrophytic swamp forest characterized by pina palms (Euterpe oleracea) along 
the creeks. 

At Kabo a survey was made of the dryland forest on the 25-ha site chosen 
for the farm. In the lower strata bugrumaka palm (Astrocaryum sciophylum) 
prevailed. Only a a few herbaceous plants were found. Table 3 presents the 
numbers of the dominant tree species with a minimum diameter of 40 cm at 
breast height. In all, 95 species were found. The dominant tree was Dicorynia 
guianensis. All Manilkara bidentata trees showed markings of gum collecting. 
The presence of fairly large numbers ofGoupia glabra, indicative of old second­
ary vegetation, suggests that at some time in the past the Kabo forest has been 
disturbed. 'Terra prêta' and some pot fragments found after clearing on the 

Table 3. Dominant tree species with a minimum dbh of 40 cm at Kabo site before clearing. 

Scientific name 

Dicorynia guianensis (Papilionaceae) 
Manilkara bidentata (Sapotaceae) 
Goupia glabra (Celastraceae) 
Qualea spp. (Vochysiaceae) 
Sclerohbium nwlinonii (Papilionaceae) 
Oeotea rubra (Lauraceae) 
Micropholis guianensis (Sapotaceae) 
others (less than 50 per species) 

Leguminosae 
Papilionaceae 
Mimosaceae 

Total 

Local name 

Basralokus 
Boletri 
Kopi 
Gronfoeloe 
Djadidja 
Wana 
Zwart Riemhout 

Total 

Number") 

A 

363 
119 
88 
86 
69 
66 
51 

577 

1419 

494 
72 

566 

B 

256 
84 
62 
61 
49 
46 
36 

406 

1000 

348 
51 

399 

a) A: numbers per 25 ha. 
B: numbers per 1000 trees. 
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highest sandy parts, point at Amerindian occupation long ago. 
Cleared areas left under fallow developed a secondary vegetation character­

ized by Cecropia sciadophylla, C. obtusa (Moraceae) and Palicourea guianensis 
(Rubiaceae). 

The forest at Coebiti was, in principle, similar to the Kabo forest. The vegeta­
tion of the savannas in the area is characterized by short grasses and scattered 
shrub and bushes, with galleries of Mauritia flexuosa (Palmae) along drainage 
lines where the soil is moist. 

4.2 Soils 

4.2.1 Soil description and classification 

Both experimental farms, Coebiti and Kabo, are situated on soils developed 
in Zanderij sediments. Coebiti farm was initially intended for the study of pas­
ture and perennials, and therefore the soils had to be representative of the Zan­
derij region. They cover the whole range from the white sands to brown loams 
mentioned in Table 2. At Coebiti the trials with annual crops showed that only 
the brown loams might be considered for this type of land use, and therefore 
for the Kabo farm a site with predominantly sandy-loam and sandy-clay-loam 
soils was selected. 

Coebiti generally has a level topography with slopes from 0 to 2 per cent. 
At Kabo, plateaus (0-2 per cent), slopes (2-5 per cent) and footslopes (0-2 per 
cent) are distinguished (Fig. 5). 

plateau 

matrix colour 
K YR and mor« red 

Fig. 5. Schematic toposequence of Kabo soils. From Bruin &Tjoe Awie( 1980). 
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The Coebiti soils were mapped (1:6000) by Van Amson et al. (1974). They 
distinguished nine soil units, one belonging to the white sands, two to the brown 
sands, four to the brown loams, and two intermediate between the brown sands 
and loams. Following the USDA soil classification system (Soil Survey Staff, 
1975), the white sands, brown sands, and brown loams can be classified as re­
spectively Typic Quartzipsamment, Orthoxic Quartzipsamment, and Ultic Hap-
lortox. The last group is of most interest for the present report. It can briefly 
be described as comprising very deep, moderately well to well-drained soils with 
a brown loamy-sand topsoil and a dull brown to brownish-yellow or orange 
sandy-clay-loam subsoil. Appendix 1 gives a full description of a representative 
profile (described when already under cultivation). 

In 1977-78 the Soil Survey Service of the Suriname Ministry of Natural 
Resources made a semi-detailed (1:40000) survey in the surroundings of the 
Kabo creek (Taus, 1979). Based on this survey and other data, sites were selected 
for both projects mentioned in Section 1. Next, in 1979, an area of 96 ha, includ­
ing 25 ha of the Kabo Experimental Farm that been cleared meanwhile, was 
surveyed in detail ( 1:5000). Bruin & Tjoe Awie ( 1980) distinguished two mapping 
units on the plateaus and three on the slopes. Furthermore, one valley bottom 
soil and one soil developed on the Precambrian Basement Complex were 
mapped, but they did not occur in the experimental area proper. 

The major unit of the plateau soils consists of well-drained profiles with a 
brown loamy-sand or sandy-loam topsoil and a yellowish brown sandy-clay-
loam subsoil. Appendix 2 gives an example; this profile was described before 
clearing the forest. The minor plateau unit is more sandy and is well to excessi­
vely drained. 

The slope soils often have a grey, generally more sandy layer immediately 
below a thin dark brown Al horizon (Fig. 5). Towards the bottom of the slope 
the grey layer increases in thickness, reaching a maximum of 40 cm. It is hypothe­
sized that this layer is the result of loss of iron and clay, caused by lateral water 
flow. At the bottom of the slopes the soils have a thick (up to 60 cm) dark 
topsoil, due to organic matter accumulation. 

More than 80 per cent of the Kabo soils belong to the brown loams and can 
be classified as Haplortox, usually Ultic Haplortox. The remaining, more sandy 
profiles belong to the brown sands and can be classified as Orthoxic Quartzi­
psamment. 

4.2.2 Physical soil characteristics 

4.2.2.1 Soil texture 
Textural compositions of the soil at 0-10, 50-60 and 100-110 cm depths are 
shown in Fig.6. Because all samples contained more than 55 per cent sand, it 
was sufficient to draw only the left quarters of the standard texture triangle. 
Samples were from three brown loams and one brown sand/brown loam at Coe­
biti and from three brown loams and two brown sands at Kabo, representing 
the soils used in this research project. 
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o Coebiti 

• Kobo 
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depth 

1 
90 

1 ! 
60 70 
per cent sand 

— 0 -10 cm — 

60 90 60 70 
per cent sand 

- 50-60cm — 

60 90 
1 1 

80 70 
per cent sand 

- 100-110cm -

1 
60 

Fig. 6. Textural composition of four Coebiti and five Kabo soils sampled at 0-10,40-50 and 100-110 
cm. Only soils used in the field trials are included. 

There were no systematic differences between Coebiti and Kabo. The textures 
of brown sands at 0-10, 50-60 and 100-110 cm were respectively sand, loamy 
sand, and sandy loam to sandy clay-loam. The textures of the brown loams 
at 0-10, 50-60 and 100-110 cm were loamy sand to sandy loam, sandy clay-loam, 
and sandy clay-loam to sandy clay. These data are in close agreement with those 
reported by Van Amson et al. (1974) and Bruin & Tjoe Awie (1980). The main 
sand fraction was medium sand (Fig. 7). The brown sands of Kabo contained 
somewhat more coarse and very coarse sand and somewhat less very fine sand 
than the brown loams of Kabo and than the Coebiti soils. At Kabo, topsoil 
sand was a little coarser than subsoil sand but at Coebiti a similar size distribu­
tion was found at all depths. 

4.2.2.2 Soil porosity 
Data on porosity of Coebiti forest soils were given by Van der Weert (1974), 
Van der Weert & Lenselink (1972), Van der Weert & Mahesh (1972a). They 
proposed a practical subdivision of pore volume into three pore-size classes 
(Table 4). Macropore volume was assumed to be an index of root permeability 
in soils with a rigid pore structure (sandy soils, generally). The volume of meso-
plus macropores, being equal to the volume of air-filled pores at pF 2.0, was 
used as an index of aeration. 

Fig. 8 shows pore-size distributions to 100 cm depth of a Coebiti profile under 
exploited forest and a Kabo profile under virgin forest. Compared with Kabo, 
the total pore volume at Coebiti was larger at 0-20 cm and smaller at 20-100 
cm, but these differences were probably not significant. There was a more consis­
tent difference between the two profiles in pore-size distribution, Coebiti having 
relatively more micropores and fewer mesopores and below 20 cm also fewer 
macropores. Forest exploitation at Coebiti might have caused some soil compac-
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Classes of particle size ( pm ) 

very fine 

50-100 

relative frequency 

0.5-

fine 

100-250 

medium 

250-500 

coarse 

500-1000 

very coarse 

1000-2000 

0.4-

0.3-

0.2-

0.1-

1 2 3 1 2 3 1 2 3 1 2 3 1 2 3 

1 Coebiti t topsoil 
2 Kabo brown loams s subsoil 
3 Kabo brown sands 

Fig. 7. Particle-size distribution of the sand fraction of Coebiti and Kabo soils. Only soils used 
in the field trials are included. 

Table 4. Subdivision of soil pores, according to Van der Weert (1974). 

Pore-size 
class 

micropores 
mesopores 
macropores 

Method of determination 

moisture volume, pF 2.0 
air volume, pF 2.0-pF 1.2 
air volume, pF 1.2 

Equivalent pore 
diameter 0'm) 

< 30 
30-180 
> 180 

tion. Macropores suffer most from compaction (Van der Weert & Lenselink, 
1972). Nevertheless, as the volume fractions of macropores were more than 0.1 
throughout the profile, it is unlikely that mechanical impedance or aeration were 
limiting root growth. 

4.2.2.3 Soil moisture characteristics 
There were no substantial differences in the shape of pF curves between Coebiti 
and Kabo (Fig. 9). The curves for topsoils showed the bend between pF 2.7 
and pF 2.0 that is characteristic for sandy soils, whereas the curves of the more 
clayey subsoils had a more smooth course. 

Van der Weert et al. (1973) found that in Coebiti soils field capacity corres-
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Fig. 8. Pore-size distribution (left) and moisture volume fraction at wilting point (WP) and field 
capacity (FC) (right) for a Coebiti and a Kabo brown loam under forest. Kabo data from the profile 
described in Appendix 2. 

ponded with soil moisture content at pF 2.0 rather than pF 2.5. Therefore the 
difference in soil moisture content between pF 2.0 and pF 4.2 was considered 
as available moisture. Volume fractions of available moisture varied from 0.09 
to 0.11 for Coebiti and from 0.08 to 0.10 for Kabo (Fig. 8). 

Attempts were made to relate soil moisture contents at pF 2.0 and pF 4.2 
to other soil properties. The best relationship was between soil moisture at pF 
4.2 and clay content; for Coebiti (Van der Weert et al., 1973) and Kabo forest 
soil, respectively: 

MC = 0.28 (clay) + 10 
MC = 0.28 (clay) + 20 

n = 34, r2 = 0.95 
n = 61,r2 = 0.86, 

where MC = moisture content (g kg ') at pF 4.2, 
clay = clay content in g kg' , and 
n = number of samples. 

The correlation coefficients hardly improved when contents of silt and organic 
C were included in the equations. 

Soil moisture content at pF 2.0 proved to be affected primarily by organic 
matter and silt, but the relationships were not very strong. 
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Fig. 9. pF curves for a Coebiti and a Kabo brown loam under forest. Kabo data from the profile 
described in Appendix 2. 

4.2.3 Chemical soil characteristics 

Since no data are available on chemical properties of Coebiti soils under forest, 
the following refers to the Kabo site only, unless stated otherwise. 

4.2.3.1 Natural soil fertility 
The data presented in Table 5 show that the Kabo forest soils were acid, had 
a high Al content and a very low base saturation, contained little organic matter 
and had a low CEC. In topsoils the effective CEC (ECEC) was only one-third 
of the CEC measured at pH 7. A comparison with data from other loams and 
brown sands of the Zanderij Formation (Schroo, 1976) shows that Kabo is not 
an exception. 

The Kabo topsoils were a little lower in exchangeable Ca, Mg, K and Al, 
and consequently in ECEC, than the soils of Yurimaguas in Peru (Bandy & 
Sanchez, 1982) and of Carimagua in Colombia (Spain, 1982). As their Al satura­
tion relative to ECEC was a little lower (78 vs 86), the Kabo soils were a little 
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Table 5. Average values of some chemical and physical properties of a cross section of Zanderij 
and Kabo soils (brown loams and brown sands) before clearing. 

Sample depth, cm 
Number of samples 

Org C, g kg"1 

Org N, g kg ' 
C/N.gg"1 

pH(KCl) 
pH(H,0) 

Zanderij*1) 

0-30 
12 

9.3 
0.6 

16 
4.1 
5.0 

Exch. ionic equivalents, mmol kg ' 
Ca 
Mg 
K 
Al 
ECEC) 
Ratio Al/ECEC) 
CEC, p} 17.0 
Ratio ECEC/CEC, pH7.0 

P-Bray-I, mg kg ' 
Total P, mg kg ' 
Total K, mmol kg ' 
Clay, g kg"' 
Bulk density, Mgm 3 

Available moisture, 
volume fraction 

0.7 
0.6 
0.3 
7.3 
9.0 
0.81 

29 
0.31 

2C) 
n.d'1) 
n.d. 
n.d. 
n.d. 
n.d. 

Kabo 

0-20 
118 

12.1 
0.87 

13.9 
3.7 
4.2 

1.5 
0.9 
0.4 

10.2 
13.1 
0.78 

33.6 
0.39 

2.3 
73 
3.2 

130 
1.28 
0.14 

20-40 
118 

7.6 
0.54 

14.1 
3.9 
4.5 

0.5 
0.3 
0.3 
9.9 

I I I 
0.89 

24.3 
0.46 

1.4 
70 
2.9 

220 
1.39 
0.12 

40-60 
28 

4.2 
0.32 

13.1 
4.1 
4.7 

0.3 
0.3 
0.1 
7.3 
8.1 
0.90 

17.6 
0.46 

0.9 
62 
2.8 

240 
1.37 
0.10 

60-90 
28 

2.8 
0.25 

111 
4.1 
4.7 

0.3 
0.3 
0.1 
6.0 
6.8 
0.88 

14.2 
0.48 

0.6 
73 
3.8 

270 
1.35 
0.10 

90-120 
28 

1.7 
0.20 
8.4 
4.1 
4.8 

0.3 
0.3 
0.1 
4.8 
5.6 
0.86 

12.6 
0.44 

0.3 
n.d. 
n.d. 
n.d. 
n.d. 
n.d. 

") Calculated from the average values. 
ECEC = effective CEC = exchangeable (Ca + Mg + K + Na + AI); exchangeable Na was 
set at 0.1 mmol kg ' throughout the profile. 
b) Data from Melitz & Steneker over the full east west length of the Zanderij Formation, cited 
bySchroo(1976). 
c) Truog method. 
d) n.d. = no data available. 

less acid than those in Peru and Colombia. Nevertheless, Kabo soils can be 
considered as real low fertility acid soils. The subsoils were even poorer than 
the topsoils, which had accumulated nutrients from organic matter, but the sub­
soils were less acid. 

There was considerable variation among soil samples (Fig. 10). Frequency 
distribution was more or less normal for organic C, CEC, pH, exchangeable 
K and Al, but oblique for P-Bray-I and exchangeable Ca and Mg, which were 
overrepresented in the classes adjacent to zero. The variation among samples 
taken at short distances proved hardly smaller than that among samples taken 
far apart. This strong heterogeneity in fertility of forest soils must be the result 
of very local effects, for instance of fallen leaves, branches and trees, and the 

1! IVageningen Agric. Univ. Papers 90S (1990) 



pH [KCl) CEC (pH 701 

Fig. 10. Relative frequency distribution of organic C. P-Bray-I. pII(KCl). CEC (pH 7.0) and ionic 
equivalents of exchangeable cations. Samples from 0-20 ( ) and 20-40 ( ) cm of Kabo 
soils under forest; 118 samples from each depth. 

activity of leaf-cutting ants (Atta spp.). 
CEC (pH 7.0) values per g organic C and per g clay estimated with multiple 

regression analysis varied from 1.9 to 2.5 and 0.03 to 0.09 mmol g"1, respectively. 
Because organic C made the largest contribution, a small difference in the esti­
mate of its CEC caused a much stronger variation in the estimate of clay-CEC. 
The estimates of CEC pointed to a poor quality of soil organic matter and to 
a low activity of kaolinite. The rather high C-N ratio also indicated that the 
organic matter was of a poor quality. 

4.2.3.2 Nutrients in standing forest 
The project 'Human Interference in the Tropical Rainforest Ecosystem', men­
tioned in Section 1, studied how many nutrients were stored in the living phyto-
mass, litter and soil (Table 6). The amounts of'available' nutrients were much 
smaller, but the total amounts of N and P in the soil were much larger than 
those in the living phytomass. Total P proved about 50 times as much as P-Bray-I, 
but this estimate is based on only a few analyses of total P. 
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Table 6. Amounts of dry matter (t ha ') and nutrients (kg ha ') in living forest phytomass, litter 
and soil. Kabo (after Ohler, 1980). 

Living phytomassa) 
Litter6) 
Total above soil 

Soil, 0-50 cmc) 
50-170 cm 

Total soil 

Roots 

Total ecosystem 

Dry 

matter 

415 
35 

450 

80 
50 

130 

65 

645 

Nutrients 

N 

1478 
231 

1709 

3 861 
4008 
7869 

561 

10139 

P 

102 
10 

112 

13 
7 

20 

37 

pd) 

273 
804 

1077 

1226 

K 

1270 
43 

1313 

66 
47 

113 

246 

Ca 

2650 
211 

2861 

126 
47 

173 

272 

Mg 

241 
29 

270 

40 
43 
83 

50 

*) Excluding roots. 
b) Including dead trees. 
c) Soil data refer to organic N, P-Bray-I, and exchangeable ionic equivalents of K, Ca and Mg. 
d) Estimates of total P, based on analyses of only a few soil samples. 

Compared with rainforest elsewhere (Jaffré, 1985) the volume and the nutrient 
content of the phytomass do not point to an extremely low nutrient level. For 
its yearly increment the forest phytomass depends on recycling nutrients rather 
than on nutrients freshly supplied by the soil. More details are given by Boxman 
et al. (1985a) and by Poels (1987). 

4.2.4 Soil and litter fauna 

Soil and litter fauna were studied at Kabo under primary and secondary forest 
and under field crops, with the aim of obtaining information on changes in fau-
nal composition brought about by clearing. It was expected that this knowledge 
could be helpful in understanding soil problems encountered in the project. 

The studies were carried out between November 1981 and May 1982. This 
section deals with the results obtained under primary forest; the other results 
are discussed in Section 5.2.3. 

4.2.4.1 Methods 
Litter was defined as the dead organic material lying on the soil surface, and 
not mixed with mineral soil particles. It was sampled at a maximum distance 
of 3 m from trees of the two most dominant species, viz. Dicorynia guianensis 
and Manilkara bidentata (Table 3). Animals were extracted from litter in 50-cm 
diameter Berlese funnels. 

Soil samples were also taken at a maximum distance of 3 m from trees of 
Dicorynia guianensis. The mesofauna (animal length 0.2-2.0 mm) was sampled 
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at depths of 0-2.5,2.5-5.0, 7.5-10.0,12.5-15.0 and 17.5-20.0 cm. 
The animals were extracted from the soil samples in a modified MacFadyen 

(1961) high gradient extraction apparatus. The bulk density and soil organic 
C of these soil samples were also assessed. The samples were sieved (2.0 mm) 
and pieces of leaves, twigs, etc. (i.e. crude organic materials) were sorted out 
and weighed. 

To extract the macrofauna (longer than 2.0 mm), soil samples measuring 24 
x 24 x 15 (depth) cm, were carefully sorted by hand. Separate samples for deter­
mination of bulk density and organic C were taken at depths of 2-7 cm and 
10-15 cm, using a ring auger. 

4.2.4.2 Composition of the fauna 
The total numbers of meso- and macrofauna (Table 7) were a little more than 
the 85 500 nv2 found by Van der Drift (1963) under primary forest, but many 
more mesofauna and far fewer macrofauna were found per m2 (85 000 vs 31 500 
mesofauna animals per m2 and 4810 vs 54000 macrofauna animals per m2). In 
an Amazon area Beck (1971) extracted about 100000 animals per m2 (meso-
and macrofauna) from litter and soil up to a depth of 6.5 cm, which is close 
to the number at Kabo. 

Diversity was highest for mesofauna, although more taxa were present among 
litter fauna (Table 7). The predominant share of termites (Table 8) made diver­
sity in macrofauna low. 

Typical representatives of forest animals were those with a weak cuticle; these 
are sensitive to desiccation and include Thysanura, Protura, Symphyla, Acari-
dida and Oribatid mites of the families Mesoplophoridae, Hypochthoniidae and 
Phyllochthonidae. The presence of Uropodina and the Oribatid families Platere-
maeidae and Oppiidae was indicative of a heterogeneous pore system with many 
cavities, and the presence of 50 different species of mainly fungivorous Oribatid 
mites reflected the diversity in trees and decomposing fungi. 

Mesofauna were mostly found in the uppermost 2.5 cm. This layer was also 
highest in crude and soil organic matter and in porosity (Fig. 11), suggesting 
that these factors were related to the number of animals. 

Table 7. Number of animals and taxa of litter fauna and soil fauna. Kabo forest. 

Number of sample sites 
Depth, cm 
Number of animals, m"2 

dm"3 

Number of taxa, m~2 

Ratio H /H max") 

Litter 
fauna 

4 
5-0 

13 640 
267 
98 

0.68 

Soil fauna 

meso 

10 
0-20 

85000 
425 

56 
0.78 

macro 

8 
0-15 

4810 
32 
34 

0.30 

a) Relative diversity index H /H max, according to Shannon-Weaver (Poole, 1974; Peet, 1975). 
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Table 8. Number of animals in major groups, per 1000 animals of litter fauna and soil fauna. Kabo 
forest. 

Scientific name 

APTERYGOTA 
Thysanura 
Diplura 
Protura 
Collembola 

INSECTA 
Orthoptcra 
Isoptera 
Psocoptera 
Homoptera 
Hetcroptcra 
Thysanoptera 
Lepidoptera 
Diptera 
Hymenoptera 

Formicoidea 
Colcoptera 

CRUSTACEA 

MYR1APODA 
Diplopoda 
Chilopoda 
Pauropoda 
Symphyla 

ARACHNIDEA 
Scorpionida 
Araneida 
Schizomida 
Pseudoscorpionida 
Ricinuleida 

ACARIDA 
Parasitiformes 

Gamasina 
Uropodina 

Actinedida 
Oribatida 

Macropylides 
Brachypilides 

Apterogasterina 
Pterogasterina 

Acaridida 

MOLLUSCA 

OLIGOCHAETA 

NEMATODA 

English name 

Apterygotcs 
Bristletails 
Japygids, etc. 
Proturans 
Springtails 

Insects 
Crickets, etc. 
Termites 
Dust-lice 
Cicadas, etc. 
Bugs 
Thrips 
Caterpillars 
Flies + maggots 
Wasps (excl. ants) 
Ants 
Beetles + larvae 

Wood lice, etc. 

Myriapods 
Millipedes 
Centipedes 
Pauropods 
Symphilids 

Arachnids 
Scorpions 
Spiders 
Whipscorpions 
Pseudoscorpions 
Ricinoidids 

Mites 
Predatory mites 

Prostigmatid mites 
Beetle mites 

Astigmatid mites 

Snails 

Earthworms, potworms 

Threadworms 

Litter 
fauna 

1 
2 
0 

44 

0.2 
9 
0 
I 
1 
5 
1 

14 
1 

55 
9 

1 

10 
0.2 
1 
0.5 

0.2 
8 
0.2 
5 
0 

0 
107 
151 

5 

264 

128 
170 

0.2 

0 

0 

4 

Soil fauna 

meso 

1 
19 
66 

185 

0 
10 
4 
0 
1 
0 
0 

12 
0 

36 
6 

6 

7 
1 

35 
38 

0 
5 
0 
1 
1 

0 
204 
26 
13 

138 

84 
37 
54 

0 

1 

1 

macro 

0 
4 
0 
1 

0.4 
781 

0 
0 
0.4 
0 
0.4 
4 
0 

58 
14 

7 

14 
12 
0 
5 

1 
4 
0 
2 
0 

4 
0 
0 
0 
0 

0 

0 
0 
0 

0.4 

88 

0 
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Fig. 11. Mass concentration of fine organic matter in soil (FOM), crude organic matter (COM) 
and total organic matter (TOM), volume fraction of pores (PVF) and number concentration of 
mesofauna animals in relation to soil depth. 
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Fig. 12. Relationships between the number concentration of mesofauna animals and total organic 
matter (TOM). Soil layer averages (A) and values of individual samples for the soil layers indicated. 
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The average values of the number of animals per soil layer were indeed related 
to the average values of soil organic matter (SOM), crude organic matter 
(COM), total organic matter (TOM) and pore volume (PVF). In Fig. 12 (top 
left) this is shown for the relation between number of animals and total organic 
matter. However, no clear relationships were found for the individual soil layers 
(Fig. 12). Although all factors decreased with depth, their mutual relationships, 
if any, were weak. The numbers of animals at a total organic matter content 
of 60 g dm3 were approximately 1000, 400 and 100 for the layers 0-2.5, 2.5-5.0 
and 7.5-10 cm, respectively. The number of animals seems to depend more on 
the distance from the soil surface than on the amount of organic matter or the 
pore volume. 
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5 From forest to arable land 

5.1 Clearing 

The discussion on clearing refers to Kabo only, as the Coebiti Experimental 
Farm was already in existence when the present project started (Section 2.3). 
Various activities were undertaken to convert the forest into arable land: 
- removal of valuable timber; 
- felling, by machines or by hand; 
- piling (only mechanically), before or after burning; 
- burning, before or after piling; 
- soil preparation for planting. 

The operations of felling, piling and burning together comprise clearing. 
Twenty-one ha were cleared mechanically and 4 ha were reserved for clearing 

by hand. 

5.1.1 Removal of valuable timber 

The site selected for Kabo Experimental Farm was located in an area ofunex-
ploited forest (Section 4.1). Before clearing operations started, the valuable 
timber was removed by a local logging company using methods that are standard 
in the region. Trees were felled with a chain saw, leaving 1-1.5 m high stumps. 
The crown was cut off at a length such that a useful stem remained. The stems 
were extracted with a skidder. Usually, these machines make their own tracks 
through the vegetation when picking up stems and pulling them out of the forest. 
Whenever possible, the skidders travel along existing tracks, thus creating so-
called skidder roads that eventually lead to an existing forest road. 

In the case of Kabo, however, the skidder roads were planned to be outside 
the farm area or to coincide with the boundaries of the farm. About 300 stems 
were removed from a total area of 25 ha, which was only about half of the 
commercially valuable trees present. The remainder apparently did not meet 
the quality standards set by the logger. 

5.1.2 Mechanical clearing 

The mechanical clearing was done with a bulldozer equipped with a tree pusher. 
The machine was a model D8K Caterpillar with a rated flywheel power of 224 
kW and a weight of 31.7 tonnes. As the bulldozer was in poor condition it most 
probably did not meet the flywheel power specifications. 

The light undergrowth including small trees was pushed aside with the bull­
dozer's blade so that the large trees would fall in a relatively open area. Large 
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trees were pushed over with the tree pusher. Most of the roots of very large 
and well-anchored trees such as bullet wood {Manilkara bidentata), had to be 
cut before the trees could be uprooted. A large hole was dug at the base of 
these trees, and the roots were cut with the edge of the bulldozer blade. A similar 
procedure was followed to uproot the stumps left after exploitation. Such 
uprooting severely damaged the soil. 

The entire felling operation was completed in the period between 18 Sep­
tember and 24 October 1978 when the weather was rather dry. 

As preparation for the planned agricultural trials 13 ha were burnt before 
piling (windrowing), whereas on the remaining 8 ha the felled vegetation was 
burnt after piling, i.e. in the windrows. Burning before piling was not complete. 
The dry leaves and small branches burnt up rapidly before the larger branches 
and stems caught light. When this material that had been burnt once, was piled 
the resulting windrows proved difficult to ignite because of a lack of light materi­
al that acts as kindlings. The windrows consisting of unburnt debris burnt much 
better and more completely. Nevertheless, as most trees belonged to hardwood 
species many stems and root systems remained in the windrows after burning. 

Piling was done with the same bulldozer and blade used for felling, even 
though the contract stipulated that a rake should be used. The debris was piled 
up in windrows 45-50 m apart. An attempt was made to avoid disturbing the 
topsoil during piling. As a result, much wood was left behind on the soil. A 
second windrowing was necessary to remove this material. 

The windrowing operations were carried out in the period mid-November 
1978 - early May 1979, interrupted by many mechanical breakdowns and rain­
fall. In principle, work was stopped when the field was wet, but in practice this 
proved to be difficult. Moreover, when general conditions appeared to be rea­
sonable, the depressions where trees had been uprooted were still wet. The heavy, 
soil-clogged rooting systems that mostly lay next to such depressions were diffi­
cult to move. Their removal caused extra difficulties on a wet soil, leading to 
much soil damage. 

From time studies it was found that it took 4 hours and 47 minutes to fell 

Table 9. Results of time and motion studies on clearing tropical rainforest at Kabo with a Caterpillar 
D7 crawler tractor, carried out in July and November 1979. 

Activity 

felling, tree pusher 
felling, blade 
cutting roots 
piling (with rake) 
idle travelling 
miscellaneous (stops, etc.) 

total 

Time required 
h ha"1 

0.90 
0.92 
0.11 
4.85 
5.35 
0.32 

12.45 

% 

7.2 
7.4 
0.9 

38.9 
43.0 
2.6 

100 

Estimated speed 
km h 

1.2 
2.2 
1.2 
1.7 
3.8 

Distance 
km ha"1 

1.080 
2.024 
0.132 
8.245 

20.330 

31.811 
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one hectare, whereas windrowing required 3 hours and 23 minutes. These times 
were respectively 40 per cent and 8 per cent more for felling and for windrowing 
than calculated from the formulas of Rome Industries (Anon., 1977). 

More detailed studies were carried out in two 2.9-ha plots, adjacent to Kabo 
Experimental Farm, in July and November 1979 (Table 9). Felling and windrow­
ing were done in one operation. The number of machine hours per hectare for 
the total operation was 11.1 in July and 13.8 in November. Forty-three per cent 
of the time was taken up by idle travelling. It was calculated that the bulldozer 
with a shoe width of 1.02 m passed over the area 3.1 times. 

5.1.3 Soil preparation following clearing 

After windrowing, the fields were very uneven, many depressions were present 
and the soil was still covered with many smaller branches and roots. Some level­
ling was achieved by passing over the fields a number of times with a disc harrow 
behind an agricultural tractor. After each pass the pieces of wood were collected 
and removed by hand. Fields that were to be planted to kudzu, Crotalaria or 
grass were disc harrowed once and only the larger pieces of wood were removed. 
The crops were sown with an old seed drill. On the fields where experiments 
were to be started shortly, a cultivator with spring-mounted tines was used after 
disc harrowing, thus bringing buried pieces of wood to the surface. Thereafter 
standard tillage practices were employed, but after each ploughing the wood 
remnants that came to the surface were collected. No exact data are available 
on the labour required for wood removal, but it amounted to several man-days 
per hectare. 

The standard tillage operations, especially power harrowing, produced a good 
levelling. The depressions in the field decreased with each cropping cycle. How­
ever, during the earliest cropping cycles there were many bad spots in the field, 
especially during the rainy seasons. The slightest depressions collected rain 
water, resulting in local waterlogging. 

The strategy chosen was intended to minimize topsoil disturbance. However, 
it is debatable whether levelling with a scraper or land plane immediately after 
clearing might not have been a better practice. 

Large windrows of partly burnt stems and soil-clogged root systems were still 
present one year after felling. In November 1979, 2100 m of windrows were 
moved over a distance of about 45 m to increase the size of the fields. This 
led locally to heavy compaction of wet soils. The work required 49 machine 
hours of a 224-kW bulldozer. 

5.1.4 Clearing by hand 

Clearing by hand comprised the following steps: 
- cutting the light vegetation with a bush knife; 
- cutting the smaller trees (diameter less than 40 cm) with an axe 25 cm below 

ground level; 
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- felling the larger trees with a chain saw about 1 m above ground level. 
It was difficult to contract labourers to do the clearing by hand. As a result, 

progress was so slow that the work was stopped after 2 ha had been cleared. 
The net time required to remove the trees with a diameter less than 40 cm was 
already 474 man-hours per ha. Allowing for rest, etc. this comes to 800 man-
hours per ha for this part of the clearing. The high cost of labour in Suriname 
makes clearing by hand much more expensive than mechanical clearing. More­
over, after hand clearing large stumps are left in the field, rendering mechanized 
farming very difficult if not impossible. 

On 1 ha the felled vegetation was burnt in situ. Burning was repeated several 
times; between burns the smaller unburnt pieces were stacked by hand. The 
larger pieces that remained unburnt were eventually winched out and burnt out­
side the plot. The ashes on the plot were distributed by hand. On the other 
hand-felled hectare no burning took place. As a result the natural vegetation 
regenerated very rapidly and six months later the plot had become virtually 
inaccessible. This plot was never used for field experiments. 

5.2 Changes in soil characteristics 

5.2.1 Physical soil characteristics 

Soil structure can be severely damaged by mechanical clearing, especially by 
windrowing. At Coebiti and Kabo it was found that soils could be compacted 
up to 70 cm and deeper (Fig. 13). By comparison, hand clearing gave rise to 
only a slight compaction, limited to the upper 20 to 30 cm. The main cause 

Coobiti Kabo 
bulk density. Mg m"J 

12 13 U 15 16 1.7 1.8 12 13 U 15 16 17 18 
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' / 

1 II 
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depth, cm 

« . . . 1 forest — 2 hand-cleared 

i* after nine years of cultivation 

3 mechanically cleared 

Fig. 13. Effects of different clearing methods and of cultivation on bulk density profiles of sandy-
loam and loam soils at Coebiti and Kabo. Data from Coebiti (Curves 1, 2, 3) after Van der Weert 
&Mahesh (1972b). 
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Fig. 14. Effect of clearing on volume fraction of macropores, mesopores, and micropores and on 
total porosity for a sandy loam of Coebiti. After Van der Weert & Mahesh (1972b). 

for this decrease in porosity might have been exposure to rain in combination 
with loss of organic matter and decrease in biological activity. 

Van der Weert (1974) and Van der Weert & Mahesh (1972b) showed that 
compaction caused the macro- and mesopore volume to decrease, and the micro­
pore volume to increase (Fig. 14). This means that the volume fraction of soil 
moisture at field capacity increased slightly upon compaction. However, root 
permeability and aeration could decrease to such an extent that root growth 
was severely impeded. 

It is difficult to conclude from Fig. 13 whether Coebiti and Kabo soils were 
equally susceptible to compaction, because bulk densities varied strongly over 
short distances. Generally, compaction was most severe at depths between 10 
and 30 cm at Coebiti and between 30 and 50 cm at Kabo. In practice the Kabo 
soils appeared more difficult to cultivate than the Coebiti soils, the main problem 
being that soils remained too wet for long periods. One of the reasons for this 
difference might be that Coebiti soils had already recovered during the years 
of cultivation preceding the present project, and Kabo soils had not (Fig. 13, 
curve 4). A second explanation might be a difference in free iron content (Fig. 
15). This difference was established in a mineralogical and rheological study 
and might indicate that Kabo soils have a lower aggregate stability because they 
contain fewer stable complexes of clay, iron and organic matter than Coebiti 
soils. In both soils b-axis disordered kaolinite proved the main clay mineral, 
with lateral and vertical dimensions of 0.5 and 0.02 urn, respectively, which is 
smaller than normal (Blok, 1983). This clay mineral is unstable, having more 
or less rounded edges, instead of the characteristic straight sides and right angles. 

Compaction not only caused rooting problems, it also severely reduced water 
infiltration rates, resulting in waterlogging in small depressions and runoff and 
erosion on slopes. During dry periods compacted areas were more drought 
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Fig. 15. Relationships between mass fraction of free iron and mass fraction of aluminium for Coe­
biti and Kabo soils (Blok, 1983). 

sensitive. Machine operations have to be delayed when soils are too wet, and 
this also delays tillage and planting (Section 8.2). 

Compaction was most severe when clearing and windrowing took place under 
wet conditions (puddling). Clearly, mechanical clearing should be done in the 
second half of the long dry season only and heavy machinery should be avoided 
as much as possible. After the trees have been uprooted évapotranspiration is 
reduced and it takes a long time for a bare soil to dry out. 

Probably the best method of clearing is to allow the felled vegetation to dry. 
After burning, a cover crop can be established to extract soil moisture and reduce 
leaching of nutrients. As a consequence, windrowing must be postponed until 
the next dry season. In practice, however, this is not always possible and post­
ponement seems loss of time. On the other hand it will take many years of cultiva­
tion before soils have recovered from compaction. 

5.2.2 Chemical soil characteristics 

The extent to which soil chemical properties changed upon clearing depended 
on the methods used and the conditions during clearing. Short-term and long-
term effects could be distinguished. 
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