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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 F oreign
AfTairs.

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-
ing the cooperation between the two institutes were the responsibility of the
bipartite ‘Samenwerkings Overeenkomst Commissie’ (Cooperation Agreement
Committce). _

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.LF. 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.

Wapeningen, 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
(EMBRAPA, Brazil), the International Institute for Tropical Agriculture (IITA,
Nigeria), the Instituto Nacional de Investigacidn y Promocion Agraria (INTPA,
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:

I 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;

210 identify the factors limiting the production of annual crops and to design

Mmethods to alleviate these constraints;

3 toindicate 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;

3 to develop annual cropping systems within the framework of mechanized
farming.

Wageningen Agric. Univ. Papers 90-5 ( 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
510 9 deal with the five objectives mentioned above. The main conclusions and
recommendations are summarized in Section 10.

2 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 km?, 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 (Fi g. 1)

The coastal plain, covering 20000 km? 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 km?, 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 t. Areas and gross production values of Suriname’s agricultural commodities in 1980. From
Anon. (1981).

Crop Area VYalue Crop Area Value
ha SRG®) x 1000 ha SRG x 1000
rice 64956 63634 vegetables 719 6546
oit palm 2557 4091 cocoa 250 169
sugar cane 2392 4085 groundnut 208 687
citrus 1933 5316 pulses 180 271
banana and 1909 12509 maize 183 261
plantain coffee 152 486
coconut 1097 822 other crops 1074 5925
total 77619 104 775
pastures 14937

#) 1USD = SRG 1.80.

4 Wageningen 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 ora 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.

Wageningen Agric. Univ. Papers 90-5 ( 19941) 3
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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 Zandcrij belt. 1t 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, 0il 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 thisearly,
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 Koppen’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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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 21 November - 14 January
Short dry season 15 January - 19 April
Long rainy season 20 Apnil - 14 August
Long dry season 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 Jure October

704

50

T F T 1 1 T T 1
00.30 03.30 0630 09.30 12.30 1530 1830 .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 ¢ent, 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 s7!). Wind speeds from 8.5 to 10.8 m s

time, h
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Fig. 4. Averageduration (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 vear-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 6to 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 Shicld. 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 lincs.

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 Zandertj soils belong to the Yellow
Kaolinitic Oxisols intergrading towards Ultisols. The Yeliow 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 gradualty becomes dulter. 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 pm)
quartz and the clay fraction of kaolinite. Organic matter contributes more to
CEC than clay. Soil pH(H,O) ranges from 4.6 to 5.2 and the sum of ionic equiva-
lents of exchangeable bases ranges from 1 to 10 mmol kg'.

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,

Bleached Non-Bleached
Natural savanna mixed upland forest
vegetation and savanna forest
White sunds Brown sands Brown loams
Texture, topsoil sand sand loamy sand
subsoil sand sand to sandy clay-
' sandy loam [oam
Approximate area
proportion®) 04 0.3 0.3
km 3500 2625 2625

®) Proportion of Zandcrij 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 [575 km? 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
bieeding had been the only recent human activity.

The virgin forest mainly consisted of a mixed mesophytic dryland forest with
hydrophytic swamp forest characierized 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 (Astrecaryum 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. Al Manilkara bidentata trees showed markings of gum collecting.
The presence of fairly large numbers of Goupia glabra, indicative of old second-
ary vegetation, suggests that at some time in the past the Kabo forest has been
disturbed. ‘“Terra preta® and some pot fragments found after clearing on the

Table 3, Dominant tree species with a minimum dbh of 40 cm at Kabo site be(ore clearing.

Scientilic name Local name Number®}
A B
Dicorynia guionensis (Papilionaceae) Basralokus 363 256
Manilkara bidentasa (Sapotaceae) Boletri It9 84
Goupia glabra {Celastraceae) Kopi 88 62
Qualea spp. (Vochysiaceae) Gronfoeloe 86 61
Sclerolobium melinonii (Papilionaceae) Djadidja 69 49
Ocotea rubra (Lauraceae) Wana 66 46
Micrapholis guianensis (Sapotaceac) Zwart Riemhout 5t 36
others (less than 30 per species) 577 406
Total 1419 1000
Leguminosae
Papilionaceae 494 348
Mimosaceae 72 51
Total 566 399

*} 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 Seils
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
sotls was selected.

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

- tield irials >

o {OORS|ODG _.l valley

\
Smatrne colow 25 Y
of ctwoma &

Fig. 5. Schematic toposequence of Kabo soils. From Bruin & Tjoe Awie (1950).
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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 StafT,
19735), 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 experimentat 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 A1 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 foss 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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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 contatned
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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Fig. 7. Particle-size distribution of the sand fraction of Coebiti and Kabo seils. Only soils used
in the field trials are included.

Table 4. Subdivision of soil pores, according 10 Van der Weert (1974).

Pore-size Method of determination Equivalent pore
class diameter (u m)
miCropores moisture volume, pF 2.0 < 30
mesopores air volume, pF 2.0-pF 1.2 30-180
macropores air volume, pF 1.2 > 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, itis 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 a1 wilting point (WP} and ficld
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 n=34rt=095
MC = 0.28 (clay) + 20 n = 61,1 = 0.86,

where MC = moisture content ( gkg')yat pF 4.2,
clay = claycontentingkg, 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 Cocbiti 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 Alsatura-
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.

Zanderii™) Kabo

Sample depth, com 0-30 0-20 20-40 40-60 60-90 90-120
Number of samples 12 118 118 28 28 28
OrgC,gkg! 9.3 12.1 76 42 2.8 1.7
Org N, gkg! 0.6 0.87 0.54 0.32 0.25 0.20
C/N,gg”! 16 13.9 14.1 13.1 111 84
pHIKCl) 4.1 3.7 39 4.1 4.1 4.1
pH(1,0) 50 42 45 47 4.7 438
Exch. ionic equivalents, mmol kg !

Ca 0.7 1.5 0.5 0.3 0.3 0.3
Mg 0.6 0.9 0.3 03 0.3 0.3
K 0.3 0.4 0.3 0.1 0.1 0.1
Al 7.3 10.2 9.9 7.3 6.0 48
ECECY) 9.0 13.1 til 8.1 6.8 56
Ratio AL'ECECY) 0.8! 0.78 0.89 0.90 0.88 0.86
CEC, pH7.0 29 33.6 24.3 17.6 14.2 12.6
Ratio ECEC/CEC, pH7.0 031 0.39 0.46 0.46 0.48 0.44
P-Bray-I.mg kg ! 29 23 t4 0.9 0.6 0.3
Total P, mgkg ' n.d’ 73 0 62 7 nd.
Total K, mmol kg n.d. 32 2.9 28 38 n.d.
Clay, kg nd. 130 220 240 270 nd,
Bulk density, Mgm3 n.d. 1.28 1.39 1.37 1.35 n.d.
Available maoisture, nd. 0.14 0.12 0.10 0.10 n.d.

volume fraction

#y Calculated from the average values.

ECEC = elfective CEC = exchangeable (Ca + Mg + K + Na 4 Al); exchangeable Na was
setat 0.1 mmol kg ' throughout the profile.

b Data from Melitz & Stencker over the full east-west length of the Zanderij Formation, cited
by Schroo (1976).

) Truog method,

% 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). Freguency
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
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Fig. 10. Relative frequency distribution of organic C, P-Bray-1, pH(KCl, CEC (pH 7.0) and ionic
equivalents of exchangeable cations. Samples from 0-20 ( ) and 20-40 (---eamms ) em of Kabo
sails under forest; 118 samples from each depth,

activity of leaf-cutting ants (4tta 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/, respectively.
Because organic C made the targest 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 Nutrienis in sianding 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-1,
but this estimate is based on only a few analyses of total P.

Wageningen Agric. Univ. Papers 90-5 {1990} 19



Table 6. Amounts of dry matter (t ha™'} and nutrients (kg ha™) in living forest phytomass, litter
and soil. Kabo (after Ohler, 1980).

Dry Nutrients
matter
N P P K Ca Mg
Livm% phytomass®) 415 1478 102 1270 2650 241
Litter 35 231 10 43 211 29
Total dbove soil 450 1709 112 (313 2861 21
Seil, 0-50cm®) . 80 3861 13 273 66 126 40
50-170 cm 50 4008 7 804 47 47 43
Total soil 130 7869 20 1477 I3 173 83
Roots 65 561 37 246 272 50
Total ecosystem 645 10139 1226

") Excluding roots.

i Including dead teees.

“y Soil data refer to organic N, P-Bray-I, and exchangeable ionic equivalents of K, Ca and Mg.
%) Estimates of total P, based on analyses of only a few soil samples.

Compared with rainforest elsewhere (Jaffre, 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.

4.24.1 Methods
Litter was defined as the dead organic material lying on the soil surface, and
not mixed with mineral secil particles. It was sampled at a maximum distance
of 3 m from trees of the two most dominant species, viz. Dicorynia guianensis
and Manilkara bidentara (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 (.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 em 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 m? found by Van der Drift (1963) under primary forest, but many
more mesofauna and far fewer macrofauna were found per m? (85000 vs 31 500
mesofauna animals per m? and 4810 vs 54 000 macrofauna animals per m?). In
an Amazon area Beck (1971) extracted about 100000 animals per m? (meso-
and macrofauna) from litter and soil up to a depth of 6.5 ecm, 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 ¢m. 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.

Litter Soil fauna
fauna
meso macro
Number of sample sites 4 10 8
Depth, cm 50 0-20 0-15
Number of animals, m~ 13640 R5000 4810
dm™ 267 425 32
Number of taxa, m™2 98 56 34
Ratio H/H max®) 0.68 0.78 0.30

) 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
Orthoptera
Isoptera
Psocoptera
Homoptera
Heteroptera
Thysanoptera
Lepidoptera
Dipiera
Hymenoplera

Formicoidea
Coleoptera

CRUSTACEA

MYRIAPODA
Diplopoda
Chilopoda
Pauropoda
Symphyla

ARACHNIDEA
Scorpionida
Arancida
Schizomida
Pseudoscorpionida
Ricinuleida

ACARIDA
Parasitiformes
Gamasina
Uropodina
Actinedida
Oribatida
Macropylides
Brachypilides
Apterogasterina
Pterogasterina
Acaridida

MOLLUSCA
OLIGOCHAETA
NEMATODA

English name

Apterygotes
Bristlctails
Japygids, etc.
Proturans
Springtails

Insects
Crickets, etc.
Termites
Dust-lice
Cicadas, etc.
Bugs

Thrips
Caterpillars
Flies + maggots
Wasps {excl. anis)
Ants

Beetles + [arvae

Wood lice, etc.

Myriapods
Millipedes
Centipedes
Pauropaods
Symphilids
Arachnids
Scorpions
Spiders
Whipscorpions
Pscudoscorpions
Ricinoidids

Mites .
Predatory mites

Prostigmatid mites
Beetle mites

Astigmatid mites
Snails
Earthworms, potworms

Threadworms

Litter
fauna
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Fig. 11. Mass concentration of fine organic matter in soil (FOM), crude organic matler (COM)
and total organic matter (TOM), volume fraction of pores (PVF) and number concentration of
mesofauna animals in relation to soil depih.
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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 dm™ 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 eperations 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 of uwnex-
ploited forest (Section 4.1). Before clearing operations started, the valuable
timber was removed by alocal 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-
fail. 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 tea-
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 Time required Estimated speed  Distance
hha? % kmh! kmha

felling, tree pusher 0.50 72 1.2 1.080
fetling, blade 092 74 22 2024
cutling roots 0.11 0.9 1.2 0,132
piling {with rake) 4.85 89 1.7 8.245
idle travelling 5.35 43.0 38 20.330
miscellaneous (stops, etc) .32 16

total 12.45 100 31.811
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one hectare, whereas windrowing required 3 hours and 23 minutes. These times
were respectively 40 per cent and B 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.

3.1.4 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 50 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 em 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-felied 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

Coebiti
bulk density, Mg m™?
12 13 14 15 16 17 18 12 . 17 14
0 i i L L 'l 1 Il L L 0
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Fig. 13. Effects of different clearing methods and of cultivation on bulk density profiles of sandy-
Joam and loam soils at Coebiti and Kabo. Data from Coebiti (Curves 1, 2, 3) after Van der Weert
& Mahesh (1972b).
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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 ficld 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 pm, respectively, which is
smaller than normal (Blok, 1983). This clay mineral is unstable, having more
orless 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-
bitt and Kabo sotls (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 (puddting). 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 evapotranspiration 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 nutrientis. 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.

3.2.2 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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Table 10. Chemical properties of topsoils (0-20 cm) before {BC) and after clearing (AC) for dilTerent
clearing methods®). Kabo.

BC AC BC AC BC AC AC
Clearing method A B C D
Months after felling 7 25 11 14
Months after burning n.a.b) 1.5 n.a. 45
Months after windrowing 3 n.a, na. n.a.
Number of samples 13 13 7 7 9 8 9
Organic C.gkg‘I 11.3 11.8 11.8 12.7 13.3 11.8 133
Organic N, g kg™ 0.8 0.7 1.0 1.0 0.9 0.8 0.8
C/N, g g" 14.1 16.9 11.8 12.7 148 14.8 16.6
P-Bray-1, mg kg™’ 29 4.8 1.1 6.8 29 4.5 2.0
pH(KCD) 36 38 35 4.6 38 37 49
pH(H,0}) 4.2 4.5 4.2 5.3 4.4 4.2 5.6
CECY) 28.2 32,9 33.5 39.3 40,7 32.1 nd%
Ca 29 29 1.8 16.6 1.3 33 228
Mg 1.1 0.5 1.1 4.6 09 0.9 33
K 0.3 0.5 0.3 22 0.3 04 2.1
Na 0.2 0.1 0.1 1.3 0.2 nd. 0.5
Sum of bases 45 4.0 33 24.7 2.7 489 287
Al 5.1 9.9 11.2 53 139 114 39
ECEC 9.6 139 14.5 30.0 16.6 16.2 326

%y A: mechanical clearing; burning after windrowing.
B: mechanical clearing; in situ burning of debris; ashes removed from sampling place.
C: hand clearing; not burnt.
D: hand clearing; repeated burning; ashes redistributed.

b n.a. = notapplicable.

“y n.d, = no data available.

d) Including an assumed quantity of exchangeable Na of 0.2 mmol kg”.

©) CEC and exchangeable cations: ionic equivalents, mmol kg™',

5.2.2.1 Short-term effects

In Table 10 and Fig. 16 chemical soil data from fields cleared according to the
four systems described in Section 5.1 are compared with the data from samples
taken in the same area before clearing. These averaged data do not show how
heterogeneous the soils were. The natural heterogeneity was aggravated by irreg-
ular movements of topsoil during felling and windrowing, by an uneven intensity
of burning and an uneven distribution of ashes. Generally, pH, exchangeable
cations and related characteristics, and P-Bray-I were higher after clearing than
before, the differences having been caused by the release of nutrients from the
felled vegetation. For this release burning was much more important than miner-
alization. Where the felled vegetation had been piled before burning (Method
A in Table 10), only P-Bray-I increased. Any cations released by mineralization
had probably already been leached from the topsoil. More nutrients were
released by repeated burning after felling by hand (Method D) than with the
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Fig. 16. Average values of organic C, P-Bray-I and sum of ionic equivalents of exchangeable bases
of topsoils (0-20 cm). 1 = under forest, 2 = after felling before burning, 3 = [.5 months after
burning, ashes removed, 4 = 4.5 months afler clearing, ashes redistributed.

other methods. The larger relcase of nutrients was of little advantage, because
soils were unable to retain the released nutrients, except for P (Table 11). One
month after burning, ash samples were taken for analysis from the area where
burning had been incomplete. The amount of ash per ha was estimated to be
roughly 10 tonnes, and ranges of nutrient mass fractions were 4.9-15.5 g kg
forN,0.3-09gkg' for P, 1.2-7.3 gkg ' for K, 8.5-22.0 g kg for Ca and 1.2-7.4
g kg? for Mg. Average amounts of nutrients in ash proved to be only 2-11 per
cent of the amounts present in aboveground living phytomass plus litter (Table
11, Rows 2 and 3). A larger portion was found in the topsoil at that time (Rows
6 and 8), indicating a rapid washing of nutrients from ash into soil. The theoreti-
cally maximum amounts of cations that could be retained by the topsoil {(Row
5) were calculated by assuming a maximum CEC of 35 mmol kg and a relative
Ca:Mg:K:Na distribution of 65:20:10:5 (the rounded averages of the data in
Table 10). According to these estimates soils should theoretically be able to
retain 26-72 per cent (Row 7} of the nutrients present in the living phytomass
and litter. In fact, retention was about two-thirds of this maximum one month
after burning (Rows 6 and 8).

From these data it can be concluded that any increase in soil fertility caused
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Table 11. Estimated amounts of nutrients (kg ha™") present in living phytomass and litter, in ashes
and in topsoil {0-20 cm) under forest, at theoretical maximum, and after burning. Kabo.

N P K Ca Mg
A. Living phytomass + litter®} 1709 112 1313 2861 270
B. Ashes, 1 month afer burning 100 5 11 145 30
C. 100 x B/AY) 6 4 2 5 11

Topsoil)

D. under forest?) 3.0 32 108 33
E. attheoretical maximum®) 369 1229 227
F. 1month afier burning?) i8.4 232 896 i49
G. 100 x (E-D)/A 26 39 72
H. 100 x (F-D)/A 14 15 28 43
L. C+H 18 17 13 54

% Phytomass without roots, from Table 6.

®) Letters refer 10 parameters represented by other rows.
) Volumic mass assumed at £.35 Mg m.

%) From Table 10; for P values based on P-Bray-1.

) For explanation see text.

by an extra release of more nutrients in the case of a more complete burning
would have been shortlived.
Nutrient leaching is discussed further in Sections 6.4 and 6.5

5.2.2.2 Long-termeffects

Irrespective of whether burning was in situ or in the windrows, soil fertility was
very irregular during the first years after clearing. Apart from the temporary
effects of ashes in the case of in-situ burning, there were differences over short
distances because in some places surface soil had been removed or had accumu-
lated and in others subsoil had been mixed with the topsoil when large trees
were uprooted. Small depressions often remained where trees had been
uprooted; they became waterlogged during the rainy seasons.

In 1972-73, i.e. three years after clearing the Coebiti forest, it proved almost
impaossible to find areas larger than 5 m® with a uniform growth of maize (Janssen
& Van der Weert, 1977). The soil property most strongly related to yield was
soil organic matter, and this property is especially liable to change with move-
ments of subsoil and topsoit.

Soil tillage, fertilizer applications and the removal of nutrients by crops and
by leaching gradually reduced heterogeneity in soil fertility. Fig. 17 shows that
pH(KCI) and exchangeable cations varied less at Coebiti after 12 years of contin-
uous cropping than at Kabo three years after clearing. The soil samples were
from fields used in a similar trial at both stations. Coebiti and Kabo had very
similar mean values for pH(KCI) (4.84), ionic equivalents of exchangeable Ca
(20 mmol kg') and K (1.25 mmol kg™'). At Kabo the chemical soil properties
shown in Fig. 17, were strongly mutually correlated, whereas at Coebiti the only
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Fig. 17. Relative frequency distribution of P-Bray-I, pH(KCI) and ionic equivalents of exchange-
able cations (0-20 cm) at Coebitd, 12 years after clearing, and at Kabo, 3 years alter clearing. Coebiti:
108 plots of 22.5 m? each. Kabo: 54 plots of 18 m” each. Arrows indicate average values.

significant correlation found was between pH(KCI) and exchangeable Ca. This
suggests that ashes still had an influence on chemical soil properties three years
after burning. Also the fact that the mean value for exchangeable Mg was higher
at Kabo than at Coebiti (4.25 vs 2.81 mmol kg™') points to ash influences at
Kabo.

In Section 6.5.3 it is shown that P-Bray-I gradually increased with time when
P fertilizer had been applied. This might explain why P-Bray-I was slightly higher
at Coebiti (Fig. 17) than at Kabo (15 vs 13 mg kg™') in spite of the ash influence
at Kabo,

A longer lasting effect existed on the sites of former windrows, Here accumula-
tion of topsoil and repeated burning of wood and root remains had led to an
increase in soil fertility that was still visible eight years after the windrows had
been pushed aside, though less markedly than in the first year (Table 12). The
only value that was not higher inside than outside the former windrow was P-
Bray-I; both areas had received the same amount of fertilizer phosphorus but
crop growth was betler in the site of the former windrow and therefore more
phosphorus was taken up there than in the area outside. The windrow effect
on calcium and magnesium should probably be attributed to a concentration
of topsoil which resulted in an increase in organic matter and consequently in
an increased capacity to retain cations. The deeper topsoil was probably the
main cause of the better crop growth on the former windrow.
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Table 12. Effects of a former windrow on soil properties (in 1980) and yields. Area was cleared
in 1969 and windrow was pushed aside ca. 1972. Coebiti.

Soil properties (0-20 cm) Yields, tha™
control  former crop, control  former
windrow year windrow
Organic C, g kg™’ 2.6 1.8 Maize
P-Bray-I, mg kg™ 255 17.0 1973 1.38 2.63
pH(KCY) 43 4.6 1980 1.95 2.65
CEC") 37.6 53.4
Ca 9.2 18.3 Sorghum
Mg 22 50 1973 0.60 243
K 0.5 0.5 1980 kv 4.10
Al 3.3 0.4
ECECY 15.3 24.3

) CEC and exchangeable cations: ionic equivalents, mmol kg 1
b) For calculation of ECEC exchangcable Na was assumed to be 0.1 mmol kg".

Soil heterogeneity, especially the windrow effect, seriously inconvenienced the
layout of ficld trials.

5.2.3 Litter and soil fauna

It was not possible to sample litter fauna and soil fauna at the same sites. Litter
fauna could only be sampled in places that were not tilled. Soil mesofauna was
collected from ficlds where no insecticides had been used (with one exception;
see below) and soil macrofauna samples were taken from fields in which soil
structure was too bad for normal crop growing. Methods used for extracting
animals were as described in Section 4.2.4. The results of the studies are pre-
sented for each group of animals separately.

5.2.3.1 Litter feuna

Samples were taken from an area that had been cleared mechanically, with wind-
rowing done after burning. The sampled fields had been growing Pueraria pha-
sealoides, Andropogon gayanus and cassava (Manihot esculenta).

In Table 13 the characteristics of litter fauna present under these crops are
compared with those under primary forest. The total number of litter animals
was higher under Pueraria and cassava than under forest; it was lowest under
Andropogon. The number of taxa did not differ much among field crops but
was only about half the number in forest litter.

Cassava, being an open crop, had the thinnest litter layer, with the lowest
moisture content and the highest absolute maximum temperature (recorded
from December 1981 — February 1982). Consequently, animals that cannot with-
stand dry conditions were hardly found in cassava litter, whereas they did occur
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Table 13. Some characteristics of litter and litter fauna under three permanent crops and under
primary forest. Number of animals in major groups per 1000 animals, ranked in order of frequency
under forest. Kabo.

Pueraria Andropogon Cassava Forest

Nurmbet of sarmgles 2 2 2 4
Thickness of littet layer, mm 32 28 7 51
Moisture mass ratio to dry litter 322 1.43 0.50 2.18
Temperature

absolute min,, °C 18 21 21 21

absolute max., *C 37 39 49 35
Number of animals per m? 114528 7672 16219 13640
Number of animals per dm’ 35 274 237 266
Number of taxa 51 47 55 98
100 % H /H max®) vl 61 49 68
Scientific name English name
Macropylides Beetle mites 148 32 382 264
Brachypylides

Pterogastering Beetle mites s 54 82 170

Apterogasterina Bevtle mites 270 61 166 128
Uropodina Predatory mites 0 ] 0 15i
Gamasina Predatory mites 118 ] 100 107
Formicoidea Ants 23 0.6 2 55
Collembola Springtails 1 206 146 44
Diptera Flies + maggots k| 15 8 14
Diplopoda Millipedes 15 3l 17 i0
Coleoptera Beetles + larvae 16 63 51 9
Tsoptera Tetmites [ 0 D 9
Thysanoptera Thrips 8 447 5 5
Chilopoda Ceatipedes 1] 1] 2 0.2
Protura Proturans 10 3 0 0
Oligochaeta Earthworms, 1 4 LA 0

potworms

#) Relative diversity index. Sce note to Table 7.

in Pueraria litter which has a high moisture content and a not too extreme abso-
lute maximum temperature, They comprised Entomobryid springtails, Protur-
ans and earthworms. On the other hand, certain surface-dwelling, drought-
resistant taxa such as centipedes and some beetle families (Staphylinidae, Ptilii-
dae) were often encountered in the litter of cassava, but seldom in that of Puer-
aria.

Brachypilid beetle mites were the dominant group in the crop litter. Under
forest they share their role in wood and litter decomposition with termites, but
termites were absent under the crops. The fungivorous Uropodid mites were
also found only in forest litter. An important role in the decomposition of crop
litter is played by the Collembola; they live off fungi and bacteria associated
with decaying litter, carrion and faeces.

Many thrips (Thysanoptera, family Phlaeothripidae) were found in Andropo-
gon litter. This group predates or feeds on fungi.
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5.2.3.2 Soil mesofauna

Samples were taken from six sites. Two sampling sites were located in an area
cleared by hand, cultivated to 5 cm and continuously grown with cassava and
soybean. The other four were in mechanically cleared fields. Three of these fields
had been cultivated to a depth of § cm and continuously grown with maize,
cassava and soybean. The fourth field had been ploughed 25 cm deep and grown
with soybean in rotation with maize; pesticides had been used.

The number of animals decreased in the order primary forest > mechanically
cleared > cleared by hand, and for mechanically cleared ficlds in the order maize
> soybean > cassava (Table 14). The number of taxa decreased upon clearing;
but method of clearing and type of crop were of indistinct influence. The relative
diversity index, indicating frequency distribution, decreased for soybean in the
order cleared by hand > mechanically cleared + 5 cm tillage > mechanically
cleared + 25 cm tillage. This index was low for cassava, reflecting the extreme
microclimate under this crop.

Under crops soil porosity and total organic matter (TOM) decreased with
depth but not as sharply as under forest, especially not when the soil had been
ploughed to 25 cm (Fig. 18). Similarly, the decrease with depth in the number
of animals was not as sharp under crops as under forest; under crops most ani-
mals tended to dwell in the 2.5 — 5 cm soil layer. The microclimatic conditions
in the uppermost layers of cultivated soils, which were not protected by litter,
apparently forced the animals to live in deeper layers.

Although the relationships between total organic matter and the number of
animals are rather weak (Fig. 19), it seems justified to conclude that per gram
of total organic matter the more readily digestible crop residues could support
more animals than the woody residues under forest. At a depth of 2.5 - 5 cm
under primary forest the mesofaunal biomass was 700 mg dry weight per m®
at a TOM of 4.5 per cent (55 g dm™). In maize this biomass was 1100 mg m?

cultmobion
CHRONOG | o nth, em

Fig. 18. Mass concentrations of total organic matter (TOM), volume fraction of pores (PVF), and
number concentration of mesofauna animals in relation to soil depth, for different crops and man-
agement units.
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Table 15, Some characteristics of soils and of seil macrofauna under Pueraria, grasses, fallow and primary
forest, Number of animals in major groups per 1000 animals, ranked in order of frequency under forest.
Sampling depth 0-15 cm. Kabo.

Pueraria  Andro- Brachiaria Fallow Primary
pogon forest
Number of samples 7 7 7 7 7
Organic C, g kg™ 10.9 8.7 9.9 7.8 %9
Bulk density, Mg m 1.38 1.42 1.36 1.36 Li5
Max. penetrometer reading
MPa (0-25 cm) 2.0 33 30 1.1 1.0
Number of animals per m? 2267 1530 1574 2276 6183
Numbser of taxa 28 16 2] 25 34
100 x H/H max®) 55 51 53 3l 3
Scientific name  English name
Isopiera Termites 166 k] 0 0 805
Oligochaeta Earthworms, potworms 417 413 265 36 81
Formicoidea Ants 45 410 151 855 4]
Coleoptera Beetles + larvae 27 15 2 52 i5
Symphyia Symphilids 0 115 517 0 6
Diplura Japygids, etc. 284 0 0 0 3

M Relative diversity index. Sce note to Table 7.

at a TOM of 2.4 per cent (21 g dm™} (Van der Werff, 1983},

In conclusion, mesofauna was present where soil conditions and food supply
were favourable. The presence of soil mesofauna is an indication of good physi-
cal soil properties, but its absence does not necessarily mean that these properties
are poor.

5.2.3.3 Soil macrofauna

Samples were taken from sites where the soil had been severely compacted by
mechanical clearing, resulting in poor crop growth. One field had been fallow
for two years, after having been cropped with maize and soybean. The other
ficlds had been under Pueraria (for 3 years), Andropogon (for 2 years) and Bra-
chiaria decumbens (for 3 years),

The numbers of animals and taxa in all fields were lower than under primary
forest and decreased in the order Pueraria = fallow > Brachiaria > Andropogon
{Table 15).

Termites, the predominant group under forest, were found only under Pue-
raria. Ants were dominant in fallow land; earthworms, feeding on fresh organic
materials, predominated under grasses and to a somewhat smaller extent under
Pueraria. Diplura were common under Pueraria and Symphyla under grasses.

No clear relationships were found between the number of animals and either
soil organic carbon, bulk density or penetrometer readings. The values for bulk
density were normal for forest and mechanically cleared land (cf. Fig. 13). The
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low penetrometer readings under fallow were probably a result of previous
ploughing.

The data do indicate that Pueraria is an interesting cover crop for soil restora-
tion. The data on bulk density suggest that the activities of soil mesofauna are
mainly restricted to maintaining the pore system rather than to forming new
pores.
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Fig. 19. Relationships between the number concentration of mesofauna animals and mass concen-
tration of total organic matier (TOM). Soil layer averages (A) and values of individual crop and
management units for the soil depths indicaled. For key to symbols see Fig. 18.
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6 Yields and yield-determining factors

The range in crop yields obtained in the various trials carried out in the project
was very wide. This was partly because of the experimental treatments and partly
a result of differences in weather conditions. To clarify the large variation in
yields, first the effects of weather conditions (mainly rainfall and sunshine) are
discussed (Section 6.1) before the individual growth factors and cultural prac-
tices that can affect yield are dealt with.

6.1 Potential and actual yiclds
6.1.1 Theoretical patential yields and water-limited yields

Plant growth requires energy, carbon dioxide, water and nutrients, They are
supplied by the sun, the atmosphere and the soil. If sufficient data are available
on weather, soils and crops, it is possible to use elaborate simulation models
to calculate the yiclds that can be obtained. Such models have been developed
by De Wit and his colleagues (De Wit, 1965; De Wit & Goudriaan, 1978; Penning
de Vries & Van Laar, 1982; Van Keulen & Wolf, 1986). They distinguish four
hierarchically ordered production situations (De Wit, 1986).

In the highest production situation, water and nutrients are in optimum sup-
ply. Crop yield is then determined only by the type of crop, the prevailing level
of irradiance, and the temperature regime. This is the potential yield level.

In the second production situation, the supply of nutrients is still optimum,
but for water the actual situation is considered, where water supply depends
on rainfall and sometimes on supplementary irrigation. In addition to weather
conditions, the physical soil properties and the degree to which the crop covers
the soil are required to calculate the water balance. Via the water balance it
is possible to determine periods with an excess or shortage of water, which will
result in less than potential growth. The yield calculated in this way is called
the water-limited yicld. The gap between water-limited and potential yield can
be bridged by supplementary irrigation to avoid drought, or by drainage to avoid
waterlogging.

In the third production situation, plant nutrients join water and irradiance
as a factor limiting growth. Nutrient supply from the soil and relations between
nutrient supply, nutrient uptake and plant growth are taken into account. This
yield level is called the nutrient-limited yield. The gap between nutrient- and
waler-limited yields can be bridged by application of fertilizers.

The fourth production situation is one where hardly any external inputs are
used. The resulting yields are usually lower than the nutrient-limited ones,
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because of imperfect management and the occurrence of weeds, pests and dis-
eases. Such causes of yield losses are assumed to be absent in the higher produc-
tion situations.

So far, simulation models have been developed to calculate yields at the high-
est two levels. Because of the many factors and interactions involved at produc-
tion levels three and four, no satisfactory simulation models have yet been
devised. Even for the calculation of potential and water-limited yields a consider-
able number of crop and climatic data are required. Van Keulen & Wolf (1986)
present standard values for several crop properties, but some of these values
were found to be not valid for the Zanderij situation and had to be assessed
from experiments in Suriname itself. The crop for which most of the required
data were known was maize, thus simulation runs were made for this crop.
Goense (1987) presents a full account of the adjustment of crop properties and
of the way climatic data were collected and introduced in the Van Keulen &
Wolf model. The climatic data used were from the meteorological station of
Zanderij Airport, and covered the period 1958-1983. For the calculation of the
water balance, the same assumptions were made as described in Section 6.1.3.
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Fig. 20. Theoretical potential {Curve A) and water-limited {Cutve B) maize yields, and actual yields
{Curve C) in relation to planting date. Curve $: average daily relative duration of sunshine from
35to 105 days after planting.
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The main purpose of the calculations was to study the possible effect of plant-
ing date on yields, and to find the optimum growing scason with regard to
mechanized operations (see Section 8.2 and Goense, 1987). Irradiance, and
hence potential production, may vary during the year as a result of variations
in solar height and cloudiness., Water-limited yields may vary much more,
because of the occurrence of dry and wet seasons (Section 3.1).

In the simulation runs, planting dates were taken throughout the year at one-
week intervals. This was done for each of the years between 1958 and 1983,
The results per planting date averaged over this 25-year period are presented
in Fig. 20. Potential production is highest for maize planted in July. The crop
can then profit from the high number of sunshine hours in September and
October (cf. Fig. 4). This is demonstrated in Fig. 20 where the curves for theoreti-
cal potential yields and average relative duration of sunshine from 35 to 105
days after planting have similar shapes. Sunshine was measured between 07.00
and 17.00 h. Relative duration of sunshine is the ratio of the recorded sunshine
hours to the 10 hours between 07.00and 17.00 h.

The curve for water-limited production shows two peaks, a higher one for
sowings between mid-April and mid-May, and a lower one for sowings between
mid-October and mid-November. These peaks are related to the long and the
short rainy seasons (cf. Fig. 2). The water-limited yields lie below the potential
yiclds, indicating that even during the long rainy season there is some moisture
stress. Water-limited yields are lowest for maize sown in August, because that
crop has to contend with severe water shortage during the long dry season.

6.1.2 Actual yields in relation to planting date

The actual yields {curve C) of Fig. 20 are results from a total of 85 field trials.
Only the trecatments representing current cultural practices are included, i.e.
ploughing, liming, fertilizer application (3 x 40 kg N, 40 kg P, 3 x 20 kg K,
25 kg FTE (fritted trace elements) ha'), crop protection measures and weed
control, but no supplementary irrigation. (In the following sections these cultur-
al practices are discussed in detail and it will be shown that in trials where other
practices were applied the yields were sometimes higher.) The period covered
runs from 1972 to 1982, which is only part of the time for which potential and
water-limited yields were calculated. The data are from trials that had been
designed for purposes other than the study of the effect of planting date on
yicld. As a result, the number of plantings and hence the reliability of the data
is not the same for all months. Nevertheless there is a fairly good similarity
between the theoretical (curve B) and the recorded (curve C) yields. The main
exceptions are the April and August plantings. For the April plantings this must
at least partly be attributed to the fact that the current rate of 120 kg fertilizer
N per ha was too low to obtain the highest possible yields (see Section 6.6.2),
Attempts to improve the fit of curves B and C by adjusting some model variables,
did not remove the gap between calculated and measured yields of the August
plantings (see Goense, 1987).
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An important conclusion from the comparison of maize yields obtained in
theoretical models and in field trials is that water availability rather than sun-
shine is the cause of variation in yields found for maize with varying planting

dates.
The effect of planting date on yiclds of other crops is shown in Fig. 21. (Maize
yields are included, for comparison.) For all crops it holds that the data are
from trials carried out for purposes other than to study the effect of planting
date. Considerably less data were available for the other crops than for maize,
and in each crop data are missing for one or more months. This makes it impos-
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sible to draw firm conclusions. A few remarks can nevertheless be made,

The sorghum curve followed the maize curve for planting dates between May
and December. Sorghum planted in January and March yielded low, because
the crop then matures in the long rainy season. As ripening sorghum is extremely
vulnerable to grain moulds, complete crop failures may result,

The latter also holds for soybean, whose pods are easy victims of fungal and
bacterial infection under conditions of little sunshine and high humidity. The
highest soybean yields were found for plantings in April and May, and October—
December, i.e. about the same pattern as for maize and sorghum. These plant-
ings hardly suffer from drought and the weather during ripening seems to be
dry enough.

The highest groundnut yields were obtained for plantings in June-August
(harvested in the long dry season) and in December-January (harvested in the
short dry season). The data suggest that planting early in the long rainy season
is not conducive to high yields. However, it must be pointed out that nearly
all these yields are from experiments without adequate weed and/or disease con-
trol. These crops were affected by stem and leaf rots that are normally absent
from late plantings in the long rainy season.

Cowpea and mungbean yields seemed to be hardly affected by time of plant-
ing, but there are too few data to allow conclusions to be drawn.

6.1.3 Moisture stress under rainfed conditions

In the foregoing it was shown that moisture supply rather than irradiation was
the cause of the variation in yield of crops with different planting dates. The
effects of moisture stress on maize yields was studied using a planting-date exper-
iment that was started at Coebiti in June 1978. Whenever possible maize was
sown twice a month for a period of just over one year. Fertilizer rates were
standard: 3x40kg N,40kg P,3x20kg K, 25 kg FTE ha', and before planting
2 tonnes of lime (Emkal) were applied per hectare. Preventive crop protection
measures were taken, No irrigation was used and no waterlogging was observed
during the rainy season. Maize was sown 22 times; 5 plantings were destroyed
by cattle or birds. As a result no data are available for the period September-
December 1978,

The grain yields clearly followed the rainfall distribution pattern (Fig. 22),
sugpesting that available moisture is an important production determinant.

Several models were developed to predict maize yields from meteorological
data. The simplest one, in which yield is predicted from the total amount of
rainfall during the growing season, gave a poor correlation (r* = 0.53). The
relation was improved when only the rainfall of the period from 15 days before
to 25 days after silking was considered (r? = 0.69).

In an attempt to predict yields more accurately a simple moisture balance
model was developed to calculate the number of moisture-stress days. The maxi-
mum amount of available soil moisture in the model was set at 35 mm. This
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Fig. 22. Actual and predicted yields in the planting-date experiment with maize and actual yields
in the planting-date experiment with groundnut (pods).

-

figure is based on a rooting depth of 30 cm, and a volume fraction of available
soil moisture of about 0.12.

The amount of daily available moisture was calculated as available soil mois-
ture at the start of the day plus effective rainfall minus evapotranspiration. If
the daily rainfall exceeded 10 mm, only a fraction of 0.8 was considered effective
because of runoff losses. If rainfall was less than 10 mm then effective rainfall
was assumed to equal daily rainfall.

Evapotranspiration was set at 4 mm per day. Evapotranspiration was
assumed to be a linear function of available soil moisture if the latter dropped
betow the critical value for a stress day.

The model was calibrated for the first 13 plantings of the planting- date experi-
ment, Using different soil moisture values for a stress day and varying the length
of the sensitive period around silking, the best relation (1* = 0.85) between the
actual yields and the number of non-stress days was found for a critical value
of soil moisture of 10 mm during the period from 15 days before to 30 days
after silking,

In a later stage, actual evapotranspiration was included in the model. Actual
evapotranspiration was taken to be a fraction of the open-pan evaporation, £,
as calculated from the number of sunshine hours, according to the equation
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Ey =259+ 4.58 n/N (Lenselink & Van der Weert, 1973)

where E, = daily open-pan evaporation in mm, and
n/N = daily relative sunshine duration for the period 07.00-17.00 h.

This model was calibrated for 16 plantings. The best relation (r* = 0.87) be-
tween yield and number of non-stress days was found for an evapotranspiration—
pan-evaporation ratio of 0.8, a soil moisture value of 12 mm as the criterion
for a stress day, and a drought-sensitive period from 17 days before until 32
days after silking, i.e. from 36 to 85 days after planting. The actual yields and
the predicted yields are presented in Fig. 22. It shows that the long rainy season
is the best growing season for maize, and that the crop must be planted before
1 May. Sce also Sections 6.1.1, 6.6.2, and 7.1.1.

The following regression equation was found between actual yields and calcu-
lated number of stress days:

Y = 4700-91X,
where Y = grain yield inkgha', and
X = number of stress days.

This relation is shown in Fig. 23, in which sunshine in the period from 36
to 105 days after planting is also taken into account. Yields tended to increase
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Fig. 23. Relationships between yields, number of stress days and average relative duration of sun-
shine. Maize: stress days 36-85 days after planting, sunshine 36-105 days after planting. Groundnut:
stress days 15-74 days after planting, sunshine 15-70 days afier planting.
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with duration of sunshine if the number of stress days was less than 20 and
to decrease if this number was more than 20.

A similar planting-date experiment as with maize, was carried out with
groundnut (cv. Matjan) in the period 1980-1982 (Fig. 22). Planting late in the
long rainy season led to yield reduction. The September planting failed because
severe drought coincided with the period of flowering. The short rainy season
gave highest yields for the December-January plantings but their harvesting
was affected by the first rains of the long rainy season; planting earlier in the
short rainy season gave lower yiclds. The highest yield was obtained for the
May 1982 planting which was well supplicd with moisture until shortly before
harvesting,

So far it has not been possible to find a simple explanation for the variation
in yicld as observed in this experiment. Moisture probably plays a role. No corre-
lation was found between vield and total amount of rainfalt during the growing
period. Only the September yield can be explained by drought. The number
of stress days was calculated for the period between 15 and 64 days after planting,
using the same model as used for maize. Fig. 23 shows that this number was
hardly related to groundnut yield. Introducing the average daily duration of
sunshine for the period from 15 to 70 days after planting did not improve the
picture. One of the reasons for the weak relationship is that groundnut is more
drought resistant than any other annual crop except cassava. Following a period
of prolonged drought the production may be reduced but the crop does not
die and is still able to give a reasonable yield.

6.2 Water requirements

In Section 6.1 it was shown that in spite of the humid climate moisture stress
can strongly affect yields. Therefore the water requirements of a number of crops
were studied in more detail. This was done in lysimeter experiments and in field
trials with supplementary irrigation.

6.2.1 Lysimeter studies

The only lysimeter available in Suriname was present at the Centre for Agricul-
tural Research (CELOS) in the coastal arca. This lysimeter measuring 1.80 x
1.60 x 1.30 m, was filled with a 1.10 m deep loamy sand on sandy-clay-loam
profile from Coebiti, on top of a 20 cm layer of coarse sand. Both lysimeter
and surrounding area (160 m?) were planted with the crop to be studied.

Four crops were grown: maize from March to June 1978, soybean from
November 1978 to February 1979, cowpea from March to May 1979 and cassava
from June 1979 to October 1980. Weeding, fertilizing and crop protection meas-
ures followed standard practices.

During the experiments data were collected daily on evapotranspiration and

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



ND

2 '\\- L 2
maize /:owpm
0 T T ) I — keriods of 10 days
4 ] 12 4 8 snce plonting
Q1T _ 1 1T T T T 1
M A L] ) L A M menth
15978 1978 1979 1979 year

Fig. 24. Course of Class-A pan evaporation { Ey(A)) and evapotranspiration of the lysimeter (£[)
for three annual crops. In the periods indicated by ND there was no percolation from the lysimeter.
Data calculated per 10-day intervals,

drainage of the lysimeter, on rainfall, on evaporation of a nearby Class-A pan,
and on possible irrigation (Appendix 3). Once a week samples of Jeachate were
taken and analysed for pH, electrical conductivity, and concentrations of N,
P,Ca, Mgand K.

In general, a similar pattern in evapotranspiration was found for the three
annual crops maize, soybean and cowpea (Fig. 24). Evapotranspiration
increased during the first month 1o a level equal to or higher than that of the
Class-A pan evaporation, and it declined during the last 10-day period before
harvest. In the period in between, when the crops had their full leaf mass, evapo-
transpiration followed the variations of the Class-A pan evaporation, indicating
that it was regulated by weather conditions rather than by soil moisture avail-
ability or by the transpiration capacity of the crop. An exceptionally high evapo-
transpiration rate was found for cowpea during the first 10-day period of May
1979. No explanation can be provided. In that and the preceding period the
ratto E, fE,(A) was 1.6, whereas in the others it was maximally 1.3 for maize
and cowpea and 1.1 for soybean (Appendix 3).

There were no periods of severe moisture stress, but in January and February
1979 evapotranspiration exceeded precipitation (soybean). Percolation then
stopped and the soil started to dry out. Tensiometers placed in the soil at depths
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Table 16, Hydrological data (mm per month) from the cassava lysimeter experiment.

Month Precipita- Irriga- Percola- E % EU(A)b) EJENA)
tion tion tion
July 1979 303 1] 243 29 127 0.2
Aug, 152 0 61 122 150 0.8
Sept. 108 43 0 149 167 09
Oct. 28 18 0 100 150 0.7
Nov, 151 86 134 73 127 0.6
Dec. 227 0 151 77 87 0.9
Jan. 1980 41 15 0 73 127 0.6
Febr, 12 60 0 62 155 0.4
March 218 0 72 108 124 0.9
April 190 0 67 104 112 09
May 323 0 219 109 96 1.1
June 410 0 293 107 99 1.1
July 394 0 265 (125F [25 1.0
Aug. 63 0 5 (119) 140 0.8
Sept. 104 0 0 (120) 159 08
Oct. 200 0 34 92y 154 0.6

) E; = evapotranspiration of the lysimeter.
5)E\(A) = Class-A pan evaporalion.
‘) Values in parentheses are not compietely reliable.

of 30, 60 and 90 cm showed that the strongest dessication occurred at 90 cm,

followed by 60 and 30 cm. This indicates that the soybean had an active root

system throughout the profile, but especially in the deep subsoil. Nevertheless,
moisture availability was not optimum during this period, which might explain

why for soybean E,/E,(A) was never more than 1.1.

The data on the cassava experiment are presented in Table 16. The growing
period of 16 months can be divided into the following seven stages.

I The month of establishment, July 1979, was wet. Canopy cover was not com-
plete, evapotranspiration was low and percolation high.

2 During August and September the young plants grew vigorously, canopy
cover was nearly 100 per cent, and evapotranspiration (£,) was high, reaching
90 per cent of pan evaporation (E,(A)). In September the highest £, of the
growing period was measured and irrigation was necessary (43 mm).

3 October. As the weather was very dry, it was decided to study the plants’
reaction to drought. No water was given between 2 October and 1 November,
and evapotranspiration decreased from nearly 6 mm/day during the first ten
days to slightly over 1 mm/day. Soil moisture tension increased from a few
kPa to over 8.5 kPa (85 mbars) (maximum measurable with tensiometers).
The whole soil profile (0-110 cm) dried out to a moisture volume fraction
of around 0.1 (near wilting point). The cassava plants reacted by wilting and
shedding nearly all their leaves.

4 In November, after watering and fertilizing, plants slowly started to recover.
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The number of leaves per plant increased from 18 to 58, and E, JEWA)
increased from 0.21 between 20 and 31 Qctober to 0.88 in December.

5 January and February 1980 were dry and E,/E(A) values dropped. The
number of leaves per plant decreased from 58 to 35. Apparently, either recov-
ery from the October drought was not complete or the plants had gone into
a kind of rest even though there was enough moisture in the soil (tensiometer
values remained below 2 kPa (20 mbar)) thanks to the irrigation.

6 From March to July the weather was wet and there was much percolation.
The number of leaves per plant increased from 35to 134 and E,/E,(A) reached
values above 1.

7 In the period from August to harvest on 21 Gctober, it gradually became
drier and hotter (high E(A) values). E JE{A) values dropped, as did the
number of leaves per plant (84 at harvest). (The E,_ value for October was
low, because there was no crop in the last ten days of the month.) Tensiometer
values at 30 cm depth increased to 7 kPa (70 mbar) and decreased later in
September, but those at 60 and 90 cm depth did not increase during this dry
period.

From Table 16 and Appendix 3 it follows that maximum evapotranspiration
could reach values of around 5 mm per day provided the canopy was closed,
weather was sunny and moisture stress absent.

In the field, with roots concentrated in the upper 25 ¢cm and a volume fraction
of approximatety 0.1 for available soil moisture, this soil moisture would be
exhausted after five days of sunny weather. Since there will always be some
roots that go deeper than 25 cm and the evapotranspiration decreases when
the amount of available moisture decreases, it will take slightly longer to exhaust
the soil moisture. In practice, wilting symptoms appeared in fully grown maize
after one week without rain.

The results of the lysimeter studies show that for crops with a short growing
cycle, such as maize, soybean and cowpea, 4-5 mm of water should be available
per day from the second month onwards, for certain periods (one month for
cowpea and two months for maize and soybean). For cassava 3-4 mm per day
throughout its growth cycle might suffice. Although cassava can withstand dry
periods, it takes a long time for the crop to recover completely from severe mois-
ture stress.

The data on the weekly analyses of the leachate are summarized in Table
17. Losses of calcium, magnesium, sodium and potassium were high. In the field
they might be even higher, because there the rooting depth is about 25 cm, where-
as in the lysimeter rooting depth was at least 90 cm, Estimates of nutrient losses
in the field are discussed in Sections 6.4 and 6.5.

No nitrogen was found in the leachate. Since the lysimeter subsoil was usually
waterlogged and hence anaerobic conditions prevailed, nitrogen must have been
lost by denitrification. This process probably contributed to the high pH of the
leachate,

Phosphorus was found only in the period November 1979-August 1980. Re-
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Table 17. Lysimeter studies. Chemical properties of leachate, and nutrient losses under different
crops during different percolation periads.

March-June Nov. 1978- Nov. 1979-
1978 Jan. 1979 Aug. 1980
(122 days) (71 days) (230 days)
maize soybean cassava
pH 7.9-8.5 6.4-8.0 n.d.2)
Electric conductivity, m$ em™ 0.2-06 n.d. n.d.
P, mmol dm™? 0 0 0.003-0.18
K, mmol dm-? 0.03-0.10 0.08 0.05-0.23
Na, mmol dm™ nd. 0.65-0.97 0.04-1.55
Ca, mmol dm™> 0.85-1.96 1.75-2.35 0.57-1.73
Mg, mmol dm™? nd. 0.21-0.40 0.23-1.02
Losses per period, kg ha”!
P 0 0 17
K 11 8 78
Na nd. 43 156
Ca 259 177 471
Mg n.d, 17 144
Losses per day, kgha™
P 0 0 0.07
X 0.09 0.1} 0.34
Na nd. 0.61 0.68
Ca 2.12 2.49 205
Mg nd. 0.24 0.63

%) n.d. = no data available.

Table 18. Fertilizer nutrient rates (kg ha”’) at the medium fertilizer level™ of the irrigation trial.
Cocebiti.

Croppingeycle N P K Mg FTE")
and crops —_—

maize soybean
1 m, 5b% 120 20 50 50 7l 50
2m,sh 120 20 50 50 1t 0
3m,sh 140 20 50 80 9 0
4m,sb 154 0 33 100 105 50
5m,s 1204 - 68% 1009 159 0
6sh, g - 0 25 40 9 0
7m 150 - 70%) 100%) 79%) 0

2 At the low level the rates were half these rates and at the high level they were 1.5 times as high.
During the first cycle high rates were double the medium rates. For soybean and groundnut the
nitrogen rates were the same at all ievels.

% FTE = fritted trace elements, see Section 6.5.7.

‘) m = maize, sb = soybean, s = sorghum, g = groundnut.

4 Sorghum received 100, 65, 80 and 12 kg ha™, respectively.

©) These rates of P, K, and Mg were applied irrespective of the N rates (75, 150 and 225 kg ha™).
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sidual fertilizer phosphorus probably caused the phosphorus concentration in
soil and in leachate to increase gradually until the concentration in the leachate
was above the detection limit. The higher K and Mg losses per draining day
in this period might also have resulted from residual fertilizers.

6.2.2 Supplementary irrigation

Between 1979 and 1983 an irrigation trial was conducted at Coebiti to determine
the effects of supplementary irrigation and fertilizer rates on yields, and to devel-
op a cropping calendar based on supplementary irrigation. Three fertilizer levels
were used - low, medium and high — except for N on soybean, which received
only starter nitrogen. Soybean and groundnut seeds were inoculated with specif-
ic Rhizobium. The fertilizer rates are presented in Table 18. Planting dates were

Table 19. Calculated moisture deficit and stress days, and details of the different cycles in the triat
on supplementary irrigation. Cocbiti.

Cycle Crop Planting Rel. Rainfall®) Irrigation Moisture deficit Stress
date sunshine®) mm mm _ days
+ irr. — 1. —irr,
mm mm
| maize 79.10.17 0.53 458 160 17 43 10
soybean 79.10.16 0.54 446 160 1 2 10
2 maize 80.02.20 0.43 813 139 ] 0 4
soybean 80.03.06 0.45 857 0 0 0 0
3 mitize 80.08.07 0.77 374 250 4 196 42
soybean 80.08.14 0.77 352 250 24 196 34
4 maize 81.01.08 0.48 S68 146 16 90 pl
soybcan 81.01.08 0.47 st 146 16 90 24
5 maize 81.10.27 0.48 404 145 0 0 n.d.*)
sorghum  81.10.27 0.48 330 14%) 0 0 nd.
6  soybean 820630  0.72 510 Lpd) 135 35
groundnut  82.06.30 0.72 434 Lp. 139 35
7 maize 821141 0.38 416 72 8 37 n.d.

#) Relative duration of sunshine during weeks 6-15 for maize and sorghum and weeks 5-14 for soy-
bean and groundnut. For explanation of relative duration of sunshine, see Appendix 8.

b Rainfall during 15, 13, 14and 13 weeks after planting for maize, sorghum, soybean and groundnut,
respectively.

) At the start of the cycle all fields received extra irrigation water: 18 mm in Cycle 2 (maize) and
9mm in Cycle 5.

9 1.p. = technical problems; irrigation was not possible.

‘) n.d. = nodata available.

Wageningen Agric. Univ. Papers 90-5 ( 1990) 53



chosen such that moisture regimes on the rainfed plots differed from one cycle

to the other (Table 19). Weekly rainfall, irrigation and pan evaporation are

shown in Appendix 4. Yields are given in Table 20.

Generally, irrigation was carried out once a week if during the past seven
days evapotranspiration, estimated by multiplying pan evaporation by crop fac-
tor, had exceeded rainfall, The crop factor is the ratio of the water use by the
crops at optimum moisture supply to the potential evapotranspiration. Its value
was derived from the lysimeter studies described above. The amount of water
applied equalled the difference between evapotranspiration and rainfall. During
the first cycle, an additional 15 mm was applied per irrigation turn to account
for moisture losses. As this proved unnecessary it was omitted in the subsequent
cycles.

In some cases, all ficlds received irrigation water at the start of the cycle to
enhance germination and save the crop (Cycles 2 and 5). Sometimes soybean
had to be resown because of poor emergence caused by drought (Cycles 2 and
3). In Cycles 1 and 7 fields were irrigated before ploughing to enable proper
soil tillage.

Tensiometers were placed at depths of 3¢ and 60 cm. They indicated soil dry-
ing in the rainfed plots during the second half of January 1980 (Cycle 1), Sep-
tember and October 1980 (Cycle 3), March 1981 (Cycle 4), September 1982
{Cycle 6) and February 1983 (Cycle 7). In general, subsoils dried out more under
soybean than under maize, indicating that soybean roots were more active at
greater depths than maize roots and hence soybean was less susceptible to
drought than maize. In Cycle 6 it was shown that groundnut could withstand
drought even better than soybean (Table 20). Sorghum was grown only in Cycle
5, when rainfall was sufficient, so no data were obtained on its susceptibility
to moisture stress.

The effects of irrigation were most evident in Cycles 1, 3, 4, and 7 because
these growth periods included parts of the long or the short dry season (Table
19). As fertilizer rates and drought varied from cycle to cycle the yield data
in the tables are difficult to compare. Therefore, yields were interpolated for
a standard fertilizer application rate (120 kg N and about 50 kg P, 70 kg K
and 55 kg Mg ha for maize). For soybean the standard application was about
12kgN, 52kgP, 75kg K and 62 kg Mgha™. The corresponding yields, presented
in Table 20 under the heading *standard’, are compared with moisture conditions
during growth (in Figs. 25 and 26). The moisture conditions were characterized
according to three methods.

a Total rainfal] plus irrigation until maturity, i.e. for maize, sorghum, soybean
and groundnut, respectively 135, 13, 14 and 13 weeks after planting.

b Moisture deficit during the critical period, i.e. 5-15 weeks after planting for
maize, and 4-14 weeks for soybean. It was calculated over I-week intervals
as the difference between rainfall and pan evaporation. If this difference was
negative, it was added to the amount of readily available soil moisture (23
mm per profile at field capacity}, and if this sum was negative the sum was
taken as moisture deficit (see Appendix 4).
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Table 20. Yields (¢ ha™') of irrigated (A) and non-irrigated (B) crops in relation to the fertilizer
fevels. Coebiti.

Cycle Fertilizer Maize Soybean
level®)
A B A-B A B A-B
1 1 1.80 1.77 0.03 1.83 2.04 -0.21
2 o2 272 0.30 2.13 1.89 0.24
3 3.43 2.75 0.68 2.01 2.11 —0.10
sh 3.02 272 0.30 2.08 202 0.06
2 1 3.78 3.03 0.75 1.8] 1.47 0.34
2 4.02 3.57 0.45 1.79 1.64 0.5
3 353 4.03 —10.50 1.79 1.81 —0.02
S 3.78 3.57 0.21 1.79 1.82 —0.02
3 1 338 0.01 337 249 0.90 1.59
2 3.95 0.02 393 2.70 0.75 1.95
1 4.08 0.10 3N 303 0.90 213
s 3180 0.05 175 2.68 0.76 1.92
4 1 299 2.17 0.82 2.76 0.67 2.09
2 3.38 1.99 1.39 2.66 0.90 L.76
3 T 2.08 1.63 3.00 1.03 1.97
S 3.20 2.10 0.90 272 0.79 1.93
Serghum
5 i 404 392 0.12 134 3.86 -0.02
2 4.40 432 0.08 4.28 411 017
3 448 424 0.24 4.44 425 0.19
5 4.40 4.32 0.08 435 4.17 0.18
Groundnut Soybean
6 1 199 0.70
2 1.97 0.65
3 2.08 on
S 213 .70
7 Maize
1 331 2.42 0.89
2 27 2.02 075
3 2.90 207 0.83
s 3.00 220 0.80
) See Table 8.

¥ § = standard fertilizer level. For explanation see text.
<) Due to technical problems irrigation was not possible during this cycle.
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Fig. 25. Maize viclds at standard fertilizer level, in relation to rainfall plus irrigation (0-15 weeks),
moisture deficit (6-15 weeks) and moislure-stress days (3-12 weeks after planting).

¢ Moisture-stress days {(only for non-irrigated ficlds) during the interval be-
tween 36 and 85 days after planting, calculated as explained in Section 6.1.3.

Fig. 25 shows that there was hardly any relation between maize yield and rainfall
plus irrigation. Moisture deficit and stress days were clearly related to yield:
roughly one mm moisture deficit corresponded to a yield loss of 20 kg and one
stress day to a loss of 95 kg ha!, approximately the same value as found in
the planting-date trial (Section 6.1.3).

Soybean yields were somewhat better related to total rainfall plus irrigation
and somewhat less to moisture deficit and stress days than maize yields (Fig.
26). This is probably because soybean can utilize moisture from greater depths
than maize, as discussed above. For the calculation of moisture deficit and stress
days only the topsoil (0-30 cm) is taken into account, a procedure that is tailored
more to maize than tosoybean. For soybean, yield losses per mm moisture deficit
and per stress day were 12.5and 47.5 kg ha!, respectively. Under severe drought
(Cycles 3 and 4), soybean yields did not decline as sharply as maize yields,

Fig. 27 shows yield increases as related to irrigation. In Cycle | irrigation
was 105 mm too high, because in each of the seven irrigation turns 15 mm extra
water was applied. Therefore in Fig. 27 the points representing this cycle were
shifted from 160 mm irrigation to 55 mm irrigation (lines a and b). Roughly
speaking, 10 mm irrigation increased maize yields by 75 kg ha! and soybean
yields by 100 kg ha™, but because of the rather irregular pattern these figures
have an indicative value only.

In Cycle 3 maize yields were very strongly boosted by irrigation (Table 20).
This might partly be explained by the very sunny weather: about 7.7 sunshine
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Fig. 26. Soybeun yiclds at standard fectilizer level, in relation to rainfall plus irrigation (0-14 weeks),
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Fig. 27. Increases in yields of maize and soybean by irrigation. For explanation of lines a and
b, see text,
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hours between 07.00 and 17.00 h during the period between 5 and 15 weeks
after planting. In the other cycles the corresponding number of sunshine hours
was 4.6 on average.

September and October are the most productive months in terms of the sun-
shine available for crop production (Section 6.1.1). Moreover, being the long
dry scason these months offer the best conditions for harvesting. To profit from
these favourable circumstances, crops should be irrigated. A serious difficulty
is that this requires planting in June or July, when the soil is often too wet for
tillage (Section 8.2.2). However, a good cover crop may help to improve worka-
hility,

The irrigation trials do not provide information on yield improvement by
irrigation prior to soil preparation or immediately after planting, because both
irrigated and rainfed plots had received such irrigation. However, it is unques-
tionable that in Cycles 1, 2, 5, and 7 there would have been no crop at all if
no supplementary irrigation had been applied at planting.

Several factors plead in favour for planting in the dry seasons. Rains mostly
start abruptly and fields often have to be prepared when the soil is too wet.
Loss of soil structure and poor emergence result. The young crop provides little
soil cover and the uptake of water and nutrients is still very low, so that erosion
and nutrient leaching readily occur. For the short rainy season the end of the
growing period is often too dry. To avoid this, in other words to extend the
growing petiod, planting should be in November, about one month before the
rains are reliably sufficient for crop growth. Harvesting will then be in the short
dry season.

The effects of moisture stress on the crop’s response to fertilizer application
are discussed in Section 6.6.

6.3 Physical soil conditions and tillage
6.3.1 Physical soil conditions

The Zanderij soils are low in organic matter and have a mineral fraction that
largely consists of low activity kaolinite and quartz sand. Except for organic
matter, and the varying, but generally small amounts of iron, there are hardly
any structure-forming agents that bond soil particles together. This general lack
of structure-forming agents results in soits with a low structural stability. Forces
from large rain drops and improper soil tillage can easily destroy the topsoil
structure, resulting in a reduced infiltration rate, a decrease in macroporosity,
increased resistance to root penetration, and surface runoff with erosion.

In this connection, soil texture is important. A certain amount of clay is pre-
ferred because clay increases the water-holding capacity. Generally the loamy
soils have a higher carbon content than the sandy soils. On the other hand,
a higher clay content often results in a lower infiltration rate, slower drainage,
more erosion and nearly always in a reduced workability for tillage. Conse-
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quently the soil is too wet after rain and too hard when dry.

As shown in Section 5.2.1 mechanized clearing often considerably increased
the bulk density of the subsoil. Maximum densities usually occurred between
30 and 50 cm, i.e. below the influence of normal ploughing. However, it needs
to be emphasized that poor root development beyond the plough layer was not
necessarily caused by a compact subsoil. The chemical condition of the subsoil,
characterized by a low pH, a high Al content and the near absence of nutrients,
also hindered the root development of most crops. Whatever the reason, most
roots remain in the plough layer, so that not more than about 35 mm moisture
is available (Section 6.1.3).

The physical problems of the topsoil can be solved with an adequate primary
tillage system. Subsoiling might alleviate the physical constraints in the deeper
layers. Both practices were studied in the project.

6.3.2 Primary tilluge

An extensive account on the tillage experiments has already been given by
Goense (1987). Only the main features will be discussed below,

The standard tiflage practices consisted of 25 cm deep disc ploughing followed
by harrowing; they were adopted from the traditional tillage practices used in
ternperate Europe. From the start of the research on the Zanderij soils (Section
2.3) it was questioned, however, whether these practices would be appropriate
for these soils and conditions. Four tillage experiments were carried out. They
will be referred to as the long-term tillage, the mulch tillage, the no-tillage fre-
quency and the Kabo tillage experiments.

The long-term tillage experiment (1974-1982) was started to establish the refa-

tion between crop yield and the depth of tillage. The tillage treatments were:

1 Ploughing to a depth of 25 cm, followed by harrowing;

2 Rotavating to a depthof 15¢cm;

3 Rotavating to a depth of 7 cm. In 1978 this treatment was changed into direct
planting; it is denoted by *no tillage’.

Until 1978 only tillage, planting and cultivation were mechanized. Thereafter
all operations were mechanized and pre-emergence herbicides were used for
weed control.

The results of 22 cropping cycles with five different crops (Table 21} show
that ploughing gave the highest yields and shallow (7 cm) rotavating or no tillage
gave the lowest yields. The differences seemed to increase with time, especially
for maize. With groundnut there was virtually no difference in yields between
rotavating to 15 cm and ploughing. The effects of tillage practices on the root
distribution of maize are shown in Fig. 28. On the non-tilled plots the number
of roots was about half that on the ploughed plots, and most roots were confined
to the top 10 cm. There was little difference in total number of roots between
ploughing and rotavating but rotavating caused a concentration of the roots
in the top 20 cm.
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Table 21. Effects of different forms of soil tillage on yields of different crops.
Long-term tillage experiment, Coebiti.

Cycle Planting Yields, t ha™! Rel. yield {PL = 100)
date
PL?%) RO NT RO NT
Maize
2 April 74 2.98 273 241 92 81
6 Sept. 75 290 254 244 87 84
10 March 77 242 2.21 2.15 a1 89
16 Aprit 79 2.80 1.64 1.76 59 63
19 Aprii 80 224 1.63 1.20 73 54
21 April 81 237 1.72 1.65 73 69
average 2.62 2.08 1.92 EL 73
Sorghum
4 Dee. 74 3m 2,73 2.51 90 82
8 July 76 0.28 0.27 026
12 Dec. 77 1.40 1.30 1.38 93 99
14 Aug. 78 0.45 .41 0.33
I8 Nov. 79 2.65 202 1.57 76 59
22 Dec. 81 27 2.20 2.2% 8] 83
average 245 207 1.93 g4 79
Cowpea
i Jan, 74 0.84 0.74 0.60 88 Ti
9 Dec. 76 0.87 0.74 0.55 84 64
17 Sept. 79 0.77 0.75 0.65 97 84
average 0.83 0.74 0.60 90 73
Soybean
5 May 75 1.52 1.47 1.16 97 76
1] April 77 143 1.37 1.42 9% 99
15 Dec, 78 §.75 1.44 1.27 82 3
20 Nov. 80 2.08 1.97 1.89 94 90
average 1.70 1.56 1.43 92 &5
Groundnut .
3 Aug. 74 [.95 1.50 1.68 98 86
7 Jan. 76 225 232 211 104 94
13 May 78 1.52 1.46 1.36 9% %0
average 1.90 1.90 1.712 99 90

%) PL = ploughing: RO = rotavating; NT = no lillage.

Though yield and root development were strongly correlated with the depth
of tillage, it cannot be concluded whether this is caused by physical or chemical
soil differences, as the tillage treatments had some marked effects on both. Soil
samples taken in July 1980 showed that the distribution of Ca, Mg and P over
the top 30 cm improved with the depth of tillage. With no tillage these nutrients
remained confined to the top 10 cm, with 15-cm rotavating to the first 20 cm,
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Fig. 28. Rclative densities of maize roots in 0.10 x 0.30 m cross-sections for ploughing (pl), rolavat-
ing (ro), and no tillage (n1).

whereas with ploughing, high concentrations were found throughout the top
30 cm of the soil profile. Consequently, toxic levels of Al and a low pH appeared
higher in the profile as the depth of tillage decreased (Table 22).

Ploughing reduced the penetration resistance of the top 30-35 ¢cm of the soil
profile. With rotavating this resistance increased to 2.8-3.5 MPa at a depth of
25 cm, whereas on the non-tilled plots vatues of 2.5-3.4 MPa were recorded
from 15 ¢cm downwards (Fig. 29).
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Fig. 29. Penetrometer resistance (MPa) in soils to 50 cm, as afTected by ploughing (pl), rotavating
(ro), and no 1illage {nt).
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Table 22. Effects of different tillage systems on chemical soil properties of the $-20 and 20-40 cm
soil layers in July 1978 and July 1980, Long-term tillage experiment, Coebiti.

0-20cm 20-40 em

Treaztment™) July 78 July 80 July 78 July 80

Org.C.gkg' PL 12.6 10,9 8.4 8.4
RO 1.3 10.9 75 6.2
NT 12.3 12.8 7.7 7.6
Org.N.zkg!  PL 1.0 0.8 0.7 06
RO L0 0.3 0.3 0.5
NT 1.0 0.9 0.7 0.5
P-Bray-l, mgkg™ PL 211 20.3 8.5 13.8
RO 24.2 326 4.2 7.5
NT 24.1 327 47 4.1
PH(KC PL 4.4 4.5 4.1 43
RO 43 46 4.1 42
NT 4.3 4. 4.0 4.0
Ca" PL 194 14.0 9.5 10.2
RO (5.1 15.0 4.6 59
NT 152 19.4 4.7 6.1
Mg PL 21 14 1.3 1.8
RO 1.7 33 0.7 3.1
NT 1.7 34 0.7 L5
K PL 0.7 0.7 0.6 05
RO 0.6 0.9 0.4 0.7
NT 0.8 0.6 L1 0.8
Na PL 0.5 0.5 0.2 0.3
RO 0.2 0.7 02 0.4
NT 0.7 0.4 04 0.4
Al PL 3.2 2.8 6.5 46
RO 3.8 11 8.7 6.3
NT 4.7 22 10.4 70
ECEC PL 259 18.4 18.] 18.1
RO 214 20.2 14.6 14.7
NT 23.1 236 13.4 12.7
Al/ECEC PL 0.12 0.14 0.36 0.25
RO 0.18 0.05 0.60 0.39
NT 0.20 0.13 0.78 0.39

%) PL = ploughing; RO = rotavating; NT = na tillage.
t’) Exchangeable cations and ECEC: ionic equivalents, mmol kg"'.
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Whatever the nature of the causes, chemical or physical, the results clearly
show that deep tillage is essential and that continuous no tillage or shallow tillage
results in lower yields than ploughing.

In the mulch tillage experiment minimum tillage and conventional tillage
(ploughing and harrowing), both with or without additional mulch, were com-
pared {1978-1980). In the minimum-tiilage treatment a narrow strip was tilled.
Fertilizer was incorporated into the tilled soil. Crop residues from outside
sources were used as extra mulch at a rate of 10 tonnes dry matter per hectare.

In the first three cropping cycles minimum tillage outyielded conventional
tillage (Table 23), but in Cycles 4 and 5 the differences were reversed. After
Cycle 5 the entire field was ploughed, but this could not eradicate the accumu-
lated effects of the no-tillage treatment. Mulching had a positive effect, except
in Cycle 6 when excessive weed growth had an overriding, detrimental effect
on crop yiclds, The weeds had probabty been brought along in the form of seeds
with the mulch.

Table 23. Effects of tiltage and mulch on yiclds (t ha"') of six consecutive crop ¢ycles. Coebiti.

Cycle Crop Planting Notillage Ploughing
date
nomulch  with mulch nomulch  with mulch

1 maize June T8 2.40 298 2.14 2.49
2 cowpea Nov, 78 1.16 1,38 0.98 118
3 munghean March 79 1.04 1.04 0.78 1.00
4 maize June 79 0.88 1.10 1.44 1.74
5 soybean Dec. 79 0.58 0.62 0.66 082
6%)  maize April 80 212 210 2.38 2.30

*) Before the sixth crop was planted, all plots were ploughed.

Table 24, Effects of tillage on pore space and on some chemical soil characteristics as measured
after five cycles of the mulch tillage experiment. Data were averaged over the mulch treatments,
Cocbiti.

No tillage Ploughing

Sampling depth, cm 0-20 20-40 0-20 20-40
Pore space, volume fraction  0.425%) 0.3838") 0.4424) 0.396")
P-Bray-I, mg kg™’ 139 26 10.7 3.2

pH (H,0) 5.2 4.6 5.1 48
Ca%) 1.52 0.58 1.49 0.34
Mg 0.29 0.10 0.22 0.14
Al 0.37 0.89 0.4 0.74

4y Average of 2-7 and 10-15 cm samples.
by Sampling depth was 20-25cm.
©) Exchangeable cations: ionic equivalents, mmol kg™l
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Physical and chemical soil properties were affected in a similar way as in the
long-term tillage experiment. Pore space was higher with ploughing than with
minimum tillage, and ploughing improved the chemical characteristics of the
20-40 cm soil layer (Table 24).

No-tilluge frequency. Although continuous no tillage leads to yield reduction,
it also has some advantages: the ficld operating system is simpler; labour, equip-
ment and direct energy costs are lower; the workability range for planting is
wider; less time is required to establish a planted area. To study whether it would
be possible to profit from both tillage systems, a ficld experiment was sct up
with intermittent no tillage, permanent ploughing and permanent no tillage
(Table 25).

In general, yiclds with ploughing were higher thanr with no tillage, irrespective
of the previous treatment. The yiclds on the intermittent no tillage plots were
14 per cent above the yields of permanent no tillage. In the second cycle, field
work was interrupted by heavy rains, and therefore the ploughed fields were
planted five days later. The resulting poor conditions remained, so that in this
cycle non-tilled plots yielded better than ploughed ones.

The Kabo tilluge experiment comprised the treatments with chisel ploughing
{25 cm) and disc harrowing (15 cm), with disc ploughing (25 cm) and no tillage
as reference. A series of four cropping cycles was carried out. For detailed infor-
mation on growth conditions, see Goense (1987). The data in Table 26 again
show that disc ploughing resulted in the highest yields. Chisel ploughing fol-
towed closely. No tillage yielded feast in this case too. An exception was Cycle
2, when because of drought the germination of soybean was poor on the tilled
plots, especially in the wheel tracks, whereas there were no such problems on
the no-tillage plots.

In conclusion, ploughing resulted in higher yields than no tillage. However,
it is not necessary to plough for each cropping season. Direct planting with

Table 25. Effects of no-tillage frequency on yields (t ha™) of six consecutive crops. Cocbiti.

Cycle Crop Planting Treatments™ and yields
date

1 sorghum Dec. 80 PL 34 NT28 NT28 NT29
2 maize May 81 PL 2.0 PL 1.6 NT2.7 NT 21
3 soybean Dec. 81 PL2.0 NT 1.4 PL 2.0 NT (4
4 maize May 82 PL32 NT 24 PL 34 NT 1.9
5 sorghum Jan. B3 PL 3.0 PL 29 NT23 NT 19
6 maize May 83 PL33 NT 3.5 NT 331 NT2.9
Mean relative yield, per cent 100 85 100 76

%) PL = ploughing; NT = no tillage.
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Table 26. Effects of different tillage systems on yields (t ha™') of four crop cycles in the Kabo tillage
experiment.

Cycle Crop Planting Tillage system®}
date
NT DH Cp DP

1 maize April 81 2.01 2.03 2.3%8 2.40
2 saybean Nov. 81 232 200 1.99 2.04
3 maize Dec. 82 2.88 1l 389 389
4 sorghum July 83 0.89 1.04 1.34 1.53
Mean relative yield, per cent 83 83 96 100

) NT = no tillage; DH = disc harrowing; CP = chisel ploughing; DP = disc ploughing.

or without shallow tillage might be recommended, especially when the condi-
tions are marginal for mechanized field operations, as is often the case for plant-
ing in the long rainy season. Under the conditions prevailing in the Zanderij
area the approach towards the tillage operations in a mechanized cropping sys-
tem should be flexible,

6.3.3 Subsoiling

If a compact soil layer occurs below ploughing depth, subsoiling might be of
advantage. It is a form of deep tillage whereby the compact layer is loosened
and at the same time slightly lifted, so that a slight mixing of subsoil and plough
layer takes place. Subsciling should be done when the sotl is hard and dry so
that the subsoil breaks up in lumps, thus increasing pore space. Subsoiling
experiments were carried out at Cocebiti and Kabo, with a subsoiler that had
a working depth of about 50 cm.

Table 27. Effects of subsoiling on maize, soybean and groundnut yields (t ha™').
Cocehbiti.

Cycle Planting Crop With Without  Difference
date subsoiling  subsoiling
(A) (B) (A-B)
1 Jan. 79 maize 3.05 3.38 —-0.33
soybean 0.87 0.89 -0.03
groundnut 1.11 1.08 +0.03
2 Dee. 79 maize 027 0.18 +0.09
soybean 0.92 0.76 +0.16
groundnut 1.37 0.99 +0.38
3 April 80 maize 2.66 274 —~0.08
soybean 2.17 1.98 +0.19
groundnut 1.72 1.55 +0.17
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Coebiti. Maize, soybean and groundnut were used as test crops during three
cycles {Table 27). The first subsoiling was done in September 1978 four months
before planting, with runs 130 cm apart and 50 cm deep. The second subsoiling
was in November 1979, with runs 75 cm apart to give a better opening up of
the soil. The soil was moist during the treatment, but January and February
1980 were very dry with only 76 mm of rain, Maize suffered particularly from
drought: frequent wilting, stunted plants and only a few small ears. Soybean
and groundnut were able to withstand the drought much better (sce also Section
6.2.2).

Between the second and the third cycles no subsoiling took place. The third
cycle coincided with the main rainy season. Groundnut suffered from fungal
discases despite frequent fungicide applications.

In the first cycle, the effect of subsoiling on maize was not statistically signifi-
cant, and on soybean and groundnut it was virtually zero. Subsoiling could not
have had much effect here, as the treatment took place four months before plant-
ing and was not intensive (subsoiler runs 130 cm apart). In the second cycle,
yield differences were relatively large and statistically significant in favour of
the subsoiled plots. This could be because of the drought (deep rooting being
more important during dry periods than during wet ones). In the third cycle
subsoiling had no significant positive effects.

The effect of subsoiling was short-lived. Virtually no traces were found in
a profile pit dug seven months afler subsoiling.

Kaba. The field chosen for & subsoiling experiment at Kabo was in a very poor
condition because clearing, windrowing and preparatory tillage had taken place
under conditions that were too wet, Part of the topsoil was lost and permeability
had decreased; during the rainy seasons water stagnation and erosion occurred
and in dry periods the soil was hard. Four cycles were grown with maize and
soybean as test crops. Subsoiler runs were always 75 cm apart. Subsoiling for
the first cycle was carried out at the end of October 1980. It was not repeated
for the second cycle. The following runs were in October 1981 and 1982, In
1981 the soil was moist because of much unexpected rainfall around mid-
October. The stirring action of the subsoiling was still acceptable but not ideal.
In 1982 the soil was very dry and working depth was between 35 and 40 cm.
In this fourth cycle supplementary irrigation was included as an additional vari-
able. The field was irrigated between 26 January and 20 February 1983; a total
amount of 91 mm of water was applied.

Table 28 shows that soybean did not respond to subsoiling. Maize on sub-
soiled plots vielded 5 to 8 per cent more than on the control plots, but the differ-
ences were never statistically significant. In the fourth cycle only the irrigated
maize responded positively to subsoiling. The effect of the supplementary irriga-
tion was larger than that of subsoiling. Table 29 shows that subsoiling resulted
in a lower penetrometer resistance, especially between 15 and 35cm.

To sum up: subsoiling had weak positive effects and some negative effects
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Table 28. Effccts of subsoiling on maize and soybean yields (1 ha™'). Kabo.

Cycle Planting Crop With Without  Difference
date subsoiling subsoiling
(A) (B) (A-B}
1 Nov. 80 maize 4.12 3.90 +0.22
soybean .29 .39 —0.10
2 April. 81 maize 427 395 +0.32
soybean 2.65 2.65 0.00
k) Nov. 81 maize 4.70 4.48 +0.22
soybean failure
4 Dec. 82 maize 4385 4.89 —0.04
+ suppl. irr. 573 5.38 +0.35
soybean not planted

Table 29. Penetromeler resistance (MPa) in the soil
profile as influenced by subsoiling. Averages of 8 to
16 observations. About one month after subsoiling.

Kabo,
Depth,cm  With Without  Difference
subsoiling  subsoiling
A (B) (B-A)
10 I.14 197 0.83
20 1.33 291 1.53
30 2.05 5 1.46
40 215 2.94 0.79
50 1.88 245 0.57
60 1.86 2.29 0.43
70 195 233 0.38

on crop growth, The positive effects originated from loosening the subsoil and
from some mixing of topsoil with subsoil which resulted in deeper rooting and
better drainage. A negative effect was that poor, acid subsoil that had scarcely
any organic matter and a very poor structural stability was mixed with the top-
soil. In the long run these negative effects of an impoverished topsoil might
disappear.

The effect of subsoiling on subsoil bulk density was short-lived, as the soil
readily compacted again because of its low structural stability. The effect of
mixing subsoil with topsoil lasted longer, resulting in a subsoil less hostile to
roots. However, it is unlikely that the costs of subsoiling are offset by the returns
from higher yields.
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6.4 Soil acidity and liming
6.4.1 Indices of soil acidity and their interrelationships

Soil acidity is usually denoted by pH measured in a suspension of soil in water
or in a solution of a salt. In this project water and a 1 M-KC! solution were
used with a soil-liquid mass ratio of 1:2.5.

The pH measured in a salt solution (pH(KCl)) is lower than the pH measured
in water (pH(H,0)), as long as the pH is above the zero point of charge (Sanchee,
1976). For the topsoils of our trial fields there was an almost linear relationship
between pH(H,0}and pH(K Cl), the latter being about 0.8 lower than the former
(Fig. 30). The pH values were 0.4-2.0 higher than those in forest soils (Tables
5 and 10). This increase had been brought about by liming and in some cases
by ashes from burnt criginal vegetation,

Generally, annual crops do not perform well on acid soils. Usually the poor
growth is not caused by H* ions, but by a number of factors related to low
pH (Sanchez & Cochrane, 1980). An acid soil is often synonymous with a chemi-
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Fig. 30. Relationships between substance ratio of ionic equivalents of Al to cfTective CEC,
pH{H>0) and pH(K.Cl} (0-20 cm). Curves based on data from approximately 200 samples.
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cally poor soil, having deficiencies in all primary and secondary nutrients. The
concentrations of Al and Mn ionic species are high in the soil solution and these
ions directly harm plant roots. Because it is rather cumbersome to sample a
soil solution and because the Al activity in the solution depends upon the Al
saturation of ECEC, the ratio of Al to ECEC is often used as a criterion in
recommendations for liming tropical soils (Cochrane et al., 1980; Kamprath,
1970). This ratio is also related to pH.

Fig. 30 shows that for the Kabo and Coebiti soils the relationship between
Al/ECEC and pH(H,0) was more diffuse than that between Al/ECEC and
pH(KCI). This was probably caused by fluctuations in pH(H,O}, which in con-
trast to pH({KCl) is affected by the concentration of the salts in the soil solution.
Fertilizer application, uptake of nutrients by crops and leaching changed the
salt concentrations, and therefore the values for pH(H,0) were influenced by
time of sampling,

6.4.2 Soil reaftion and yields

In a number of field trials pH(KCl) was determined in topsoils (0-20 cm) of
individual plots. The data were compared with yields (Fig. 31). As yield levels
varied considerably among the trials, the relationship between yield and
pH(KCl) showed up more clearly for relative yields than for absolute yields.
Only the yields of plots that had received the same experimental treatments —
apart from liming — were compared. Because of lack of data it was not possible
to draw similar graphs for pH(H,O) and Al/ECEC.

Yields of maize, soybean and groundnut proved to be suppressed by a low
as well as by a relatively high pH. The negative effect of too low a pH was
almost certainly related to Al toxicity, but it was not clear why yields decreased
at high pH. Deficiencies in micronutrients such as Zn, Cu or Mn might be a

T I 1 1
[31] &k 48 52 SE Lo ki L8 52 55 40 [¥3 [y} 52 56
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Fig. 31. Ranges of relative yiclds of maize, soybean and groundnut, as related to pH(K CT) (0-20
cm).
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Table 30. Ranges of optimum values of three soil acidity indices
for maize, soybean and groundnut,

Maize Soybean Groundnut
pH (KC) 42-4.6 4,5-5.0 4552
pH (H,0) 5.0-56 5.2-6.0 52-6.2
Al/ECEC <0.40 <0.25 <0.25

reason, though experiments on micronutrients were not conclusive (Section
6.5.7).

The optimum ranges for pH(K Cl) were converted via the graphs of Fig. 30
into ranges of optimum pH(H,0) and AI/ECEC (Table 30). The ranges were
almost the same for soybean and groundnut, whereas maize required a some-
what lower pH or, in other words, could withstand a somewhat higher Al satura-
tion. The critical values 0f 0,25-0.40 for Al;ECEC were in accordance with what
is generally found.

At the end of the project, application of gypsum (300 kg ha™") was included
in the liming trials. Its effect depended on soil pH: pod yields of groundnut
increased from about 1.0 to 2.7 t ha! if pH(KCl) was 4.0-4.1, and from 3.2
to 3.5 t ha? if pH(KCI) was between 4.4 and 4.8. The effect of gypsum was
probably the result of an increased availability of calcium.

6.4.3 Lime requirements

To be able to increase pH or to reduce Al saturation to their optimum levels
information is needed on the amount of lime that is required per unit pH or
per unit Al. This was studied in a trial at Coebiti on a soil with the following
characteristics: organic C 11-12 g kg™'; CEC, ECEC and exchangeable Ca, Mg
and Al 40, 15.7, 1.1, 0.5 and 13.5 mmol kg (ionic equivalents), respectively.
Agricultural lime containing about 90% CaCO,; was applied at rates of 2 and
5t ha™ and incorporated in the upper 15 em of the soil. Changes in pH and
related properties were followed during 22 months after applying lime.

Exchangeable Ca was linearly related to liming (Fig. 32C). At 30 days after
liming its increase per tonng of agricultural lime amounted to 9 mmol kg™'. This
points to a complete recovery, because 9 mmol kg' ionic equivalents of Ca corre-
spond with 360 x 10*mg Ca or 900 kg ha™' pure CaCO, or 1000 kg ha™' agricultur-
al lime (assuming that lime was equally distributed over the top 20 cm and that
bulk density, so soon after rotavating, was 1.0 Mgm™).

Lime requirement, as deduced from the approximately linear relationship be-
tween pH(KCI) and lime application (Fig. 32A), was about 300 kg lime; this
is about 135 kg pure CaCO, per 0.1 pH (KCIl) per 10 cm topsoil, i.e. per 10°
kg of soil.

Cochrane et al. (1980) proposed the following equation to calculate the
required quantity of lime:
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Fig. 32. Effects of rate of lime on pH(KCD), ratio AI'ECEC and ionic equivalents of exchangeable
Ca (mmol kg™') at 30, 305 and 670 days after iming for a Coebiti sandy loam {0-20 cm).

Ca = 1.5 {AI-RAS (Al + Ca + Mg)/100},

where exchangeable Ca, Mg and Al are in mmol kg (ionic equivalents) and
RAS = required percentage Al saturation.

If the lime requirement estimated this way exceeds the chemical equivalent
of exchangeable Al, the factor 1.5 should be replaced by 2.0.

According to Table 30, RAS is 25 for soybean and groundnut. Substituting
this value and the abovementioned data gives:

Ca = 1.5{13.5-25(13.5 + 1.1 + 0.5)/100} = 14.5875

This value being greater than the chemical equivalent of exchangeable Al,
i.e. 13.5, the factor 2.0 should be used, which results in 19.45 mmol kg™ of ionic
equivalents of Ca. Per 2 10% kg of soil, these values come down to 29175 and
38900 mol, respectively, i.e. 1459 and 1945 kg pure CaCO; or 1621 and 2161
kg agricultural lime. The measured value of 1730 kg (Fig. 32B) was between
these two.

According to Fig. 32A 2 tonnes of agricultural lime were required to reach
the optimum pH(K Cl) of 4.5; this corresponds closely with the abovementioned
rates of 1621 and 2161 kg ha™'.

The reason that the quantity of lime needed exceeds the quantity of Al neutra-
lized, is that ECEC increases upon liming, because of the dissociation of -COOH
and -OH groups of soil organic matter and hydroxides (Kamprath, 1970). The
extra negative charge is usually counterbalanced by Ca* ions.

At Coebiti, ECEC increased gradually up to pH(KCl) 4.8 but increased
sharply at higher pH (Fig. 33). This sharp increase is to be considered partly
as an analytical artefact, caused by Ca being dissolved from lime during the

Wageningen Agric. Univ. Papers 90-5 { 1990) 7



mmol kg™

% |
I
stondard liming
2 < atter clearing I
2 I
|
24
20
16 -1
12
8 -4
i -3
My
Vot

0 T T T T T T T
38 &0 42 L4 L6 LB S0

pH LKCH)

Fig. 33. Summation of ionic equivalents of exchangeabie cations and ECEC in relation to ptH{K C])
for a Coebiti sandy toam (0-20 cm).

extraction of the soil samples.

Over the pH(KCH interval 3.8 - 4.5, which is the most important range in
practice, exchangeable Al (ionic equivalents) decreased from 13.5to 2.0, whereas
exchangeable Ca increased from 1.8 to 19.0 mmol kg'. So, the relation Ca/Al
was 17.2/11.5 = L.5, the same value as Kamprath (1970) found in comparable
situations.

Fig. 32 also shows that with time pH and exchangeable Ca dropped markedty
and Al/ECEC increased strongly. The recovery of lime was estimated on the
basis of exchangeable Ca in the 0-20 and 20-40 cm soil layers and assuming
bulk densities of 1.0 and 1.4 Mg m™?, respectively. Fig. 34 shows that one year
after application about half the amount of lime applied had already leached
from the top 20 cm of soil. After 670 days (22 months), the fractions left in
0-20 and 0-40 cm layers were 0.3 and 0.53, which amounted to monthly losses
of 5.5 and 3 per cent, respectively.

Thus, in practice, the lime requirement of Zanderij soils should be reckoned
at 2 tonnes of lime per ha after clearing and subsequently one tonne of lime
per ha per year.
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Fig. 34. Estimates of fractions of applied lime recovered in 0-20 and 20-40 cm soil layers ofa Coebiti
sundy loam in the course of time.

6.4.4 Liming materials

The rapid losses of finely ground agricultural lime calted for other liming materi-
als that dissofved more slowly. The two available were Curagao phosphate with
mass fractions of 0.7 for CaCQ; and 0.3 for tertiary calcium phosphates, and
shell grit, a coastal deposit of broken shells with a shell mass fraction of about
0.7.

In a trial conducted in 1983, one tonne of each of these materials was as effec-
tive as approximately 0.3 tonne of dolocal (a fine dolomitic lime) in increasing
pH and exchangeable Ca at 120 days after application. So, the initial application
rates of Curagao phosphate and shell grit should be three times that of dolocal,
but it still remains to be been seen whether their effects will last longer.

6.5 Availability of nutrients and fertilizer use
6.5.1 General discussion on nutrient—crop relationships

6.5.1.1 Introduction to the three-quadrant method

Optimum fertilizer rates are usually arrived at after much empirical research
in field, greenhouse and laboratory. This work could be greatly reduced if the
following were known

1 the crop's utilization of absorbed nutrients;

2 the crop’s recovery of applied fertilizer nutrients;

3 the supply of nutrients from the soil (inherent soil fertility).

Wageningen Agric. Univ. Papers 90-5 ( 1990) 73



The relationships between inherent soil fertility, fertilizer application and yield
will be discussed with the help of the so-called three-quadrant procedure, intro-
duced by De Wit (1953) and applied by several other authors. The relationship
between fertilizer application and yield (Quadrant Il in Fig. 35) is divided into
the relationships between fertilizer application and nutrient uptake (Quadrant
[V) and between nutrient uptake and yield (Quadrant ).

Nutrient uptake is almost always linearly related to fertilizer application over
a wide range of application rates. The slope of the straight line, representing
the fraction of the applicd nutrients recovered, and the intercept, being the
amount of nutrients absorbed from the soil itself, vary with soil, climate and
nutrient.

The relationship between nutricnt uptake and yield also is lincar, at least at
low uptake rates, i.e. as long as that particular nutrient is the most important
yicld-limiting factor, or in other words as long as other growth factors are not
yield limiting. For N and P, Van Keulen (1977) and Van Keulen & Van Heemst
(1982) found that this straight line had the same slope under various conditions.
Even all cereals behaved in a similar way: grain yields (moisture content 0.15)
increased by 70 kg per kg N absorbed and by 600 kg per kg P absorbed. For
potassium the slope varicd between 55 and 80 kg per kg K absorbed. The ratio
of the yicld increase per additional unit of absorbed nutrient is an expression
of the efficiency of nutrient utilization by the plant.

The decision to analyse the results of fertilizer trials according to the three-
quadrant model was taken afier the ficld work of the project had been termi-
nated. The fertilizer trials had not been designed with that intention and only
alimited number of complete chemical crop analyses were available.

Subsections 6.5.1.2-6.5.1.5 present general information on N, P, K, Ca and
Mg for the crops maize, sorghum, soybean, groundnut, and cowpea. The subse-
quent sections discuss the individual nutrients and crops in more details.

6.5.1.2 Uptake-yield relationships

Table 31 shows that there were wide ranges in the values for total uptake of
nutrients (exclusive the nutrients in the roots) per tonne of produce. The main
factor influencing these values proved to be the harvest index, i.e. the ratio of
grain to total dry weight, as indicated for maize in Table 32. The harvest index
itsclf was affected by factors other than nutrient supply, such as moisture stress
during ripening, pests, discases, and inappropriate tillage. This implies that in
many cases low yields were not the result of an insufficient uptake of nutrients,
but of an ineffective utilization of the absorbed nutrients.

The standard values for nutrient uptake (lower half of Table 31) represent
the quantities of nutrients sufTicient to produce one tonne of seeds or pods under
conditions that were otherwise rather favourable for this project. Per tonne of
maize or sorghum the amounts of N, P and K required were respectively 25,
4 and 20 kg ha™'. In other words, per kg of absorbed N, P and K yields increased
by 40, 250 and 50 kg ha!, respectively. This is considerably lower than the 70,
600 and 80 kg increases mentioned by Van Keulen & Van Heemst (1982). It
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Table 3i. Ranges and standard values for uptake of nutrients (kg) per tonne of grain
or pods (groundnut).

Crop N P K Ca Mg
Ranges

maize 18-77 2297 8-72 5-14 3.3-10.7
sorghum 23-38 35355 15-47 4- 8 22- 36
groundnut 51-62 28-35 7-17 12-19 40- 6.7
soybean 79-97 6.4.738 46-60 n.d.") 4.7- 54
cowpea 57-62 6.9-8.5 3142 18-26 53 6.7
Standard values

maize 25 4 20 10 5
sorghum 25 4 20 5 3
groundnut 60 3 12 16 6
soybean %0 7 50 18" 5
cowpea 60 7 32 20 6

M n.d. = nodala available.
Y Estimated value.

Table 32. Indicative values for the uptake of nuirients (kg) per tonne of maize
grain as related 1o the harvest index.

Harvestindex N P K Ca Mg
0.2-0.3 40-70 6-9 > 25 54 511
0.3-0.4 20-40 4-6 10-25 9-10 3-6
=204 18-20 24 10-25 nd?) nd.

") n.d. = no data available.

Table 33. Normative good grain or pod (groundnut) yiclds and corresponding
requirements of nutrients (rounded figures).

Crop Yield Nutrients, kg ha”!
tha
N P K Ca Mg

Maize 4.5 115 18 90 45 25
sorghum 35 90 14 70 20 10
groundnut 40 240 12 S0 65 25
soybean 25 225 18 125 45") 15
Cowpea 1.25 75 9 40 25 B

} Estimated value.

can therefore be inferred that plants could not make optimum use of the avail-
able nutrients; this indicates that other growth conditions must have been rather
unfavourable in this project.
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Using the standard values of Table 31, nutrient requirements were calculated
for normative good yields (Table 33), which were set at about 90 per cent of
the frequency distribution (Figs. 54, 56, 57, 58 and 61}, i.e. about 10 per cent
of the yields obtained were higher than these normative good yietds. The most
exacting crops for P and K were maize and soybean, and for Ca and Mg maize
and groundnut. Soybean and groundnut required twice as much N as maize,
but being legumes they demand only a smail portion of it from soil and fertilizer.

6.5.1.3 Recovery of fertilizer nutrients
The recovery of fertilizer nutrients was calculated with the equation:

recovery = (U,— U} [ (F,— F))

where Fj, F; = lower, higher fertilizer application rate, kg ha™, and
U\, U, = corresponding amount of nutrients taken up, kg ha™'.

Since yields were very low when no fertilizers were applied, control treatments
had been included in only a few trials. As a consequence F, in the above equation
was mostly more than O kg ha™'.

The number of data (Table 34) were limited. For maize a subdivision could
be made into applications below and above optimum rate. At below-optimum
application rates recovery of P was high compared with literature data, indicat-
ing that P fixation was not a problem. The recovery of N and K was normal
for a humid climate. The main reason for the low recoveries at above-optimum
application rates was problably that crops were unable to utilize the absorbed
nutrients (Section 6.5.2.2).

Table 34. Indicative values for the fraction of fertilizer nutricnts, recovered by the aboveground
plant parts of different crops.

Crop AR"M N - P K Mg
maize 1 0.30-0.50 0.15-0.25 0.35-0.60 0-0.10
2 0.03-0.20 0.03-0.06 0.20-0.30°) nd®
sorghum 0.18-0.32% 0-0.10°) 0.20-0.30%) nd.
groundnut nd. n.d. 0.20-0.30 0-0.40
soybean 0-0.40 nd. n.d. n.d.
cowpea n.d. 0-0.05% n.d. nd.
standard values 0.40 0.20 0.50 0.10

4 A.R. = application rate; | = below, 2 = above optimum rate; see Section 6.5.2.2.
%) n.d. = no data available.

© Estimated values.

9y Sorghum was sown after kudzu had been ploughed in.

) Trials were conducted on a P-rich soil,
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Table 35. Indicatives values for the amounts (kg ha") of nutrients sup-
plied by the soil alone to different crops.

Crop N P K Mg
maize 30-50°) 3.10% 10-25% 510
sorghum 300 10-128) 300 n.d.®
groundnut nab nd. 13-24 8-16
soybean n.a. n.d. n.d. n.d.
cowpea n.a. 5-8%) nd. n.d.
standard values 33 n.ad) 20 7

" n.d. = no data available.

% n.a. = not applicable.

y N uptake depended on soil organic nitrogen content.

) P uptake depended on P content in soil.

€) Exchangeable K was less than 0.7 mmol kg™,

fy Sorghum was sown alter kudzu had been ploughed in; uptake from
kudzu residue was estimated at 50 and 60 kg ha™! for N and K,
respectively, and from the soil itself at 30 kg ha .

) Trials were conducted on a P-rich soil.
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Fig. 35. Three-quadrant diagram for the response of maize to nitrogen according to the standard
values presented in Tables 31, 33, 34 and 35. 1. Yicld against uptake. 1. Yicld against fertilizer
rate. 1V, Uptake against fertilizer rate.
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6.5.1.4 Nutrient supply by the soil

As mentioned, nutrient uptake was only occasionally measured in crops that
had not received the relevant fertilizer. Therefore most data presented in Table
35 could only be obtained indirectly by extrapolating application vs uptake
curves {(Quadrant 1V in Fig. 35). Nutrients other than the one in question were
supplied in adequate amounts.

Nevertheless, the data were sufficient to indicate standard values. The values
for N were independent of previous fertilizer applications, because this nutrient
does not accumulate in the soil. In contrast to N, P continues to accumulate
in the soil upon fertilizer application, and therefore P uptake from the soil
depends on previous applications (Section 6.5.3). K and Mg have an intermedi-
ate position (Sections 6.5.4 and 6.5.5).

A comparison of Tables 33 and 35 shows that the soil’s contribution to the
nutrient requirements for normative good yields was only modest.

6.5.1.5 Standard three-quadrant diagrams

The standard values presented in Tables 31, 33, 34 and 35 can be used to draw
standard three-quadrant diagrams. An example for the maize—nitrogen relation-
ships is given in Fig. 35. The reasoning was as follows.

The N supply by the soil alone is 35 kg ha™!, corresponding with a yield of
35/25 = L4t ha'l, Let the normative good yield of 4.5 t ha'! of maize be the
highest yield to be obtained, requiring a nitrogen uptake of 4.5 x 25 = 112.5
kg ha'; then 112.5 — 35 = 77.5 kg ha has to be taken up from fertilizer N,
With a recovery of 0.4 this amounts to an N application of 77.5/0.4 = 194
kgha'.

From such relationships it can be calculated what yield will be obtained upon
fertilizer application. After an N application of e.g. 100 kg ha, the uptake of
N will be: 35 (from soil) + 0.4 x 100 (from fertilizer) = 75 kg ha™, and the
yield: 7525 = 3tha! of maize grain.

The graphs of Fig. 35 might be considered as a simplified model of the relation-
ships between soil, fertilizer and crop nitrogen, and yield of maize on Zanderij
soils. In practice the situation can considerably differ from this picture, as will
be discussed in the next sections,

6.5.2 Nitrogen

6.5.2.1 Type and method of application of nitrogen fertilizers

In the project, nitrogen was normally applied as compound fertilizer (15-15-15)
at planting and as urea for later applications. At planting the fertilizer was band-
placed a few cm away from the seed. Later applications were side-dressed along
the plant row.,

For practical reasons, in larger field experiments the first application often
was given as a side-dressing shortly after emergence, when plant rows were
clearly visible. There was no evidence that this delay had a negative effect on
crop development. On the contrary, when leaching losses are high nitrogen
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Table 36. Influence of splitling the application of fertilizer nitrogen on
maize yields. After Bakema (1981) and Slaats & Ukkerman {1983).

Number of Method of Time of Yield, tha™!
applications splitting application®) _—
for Nrate, kgha™'
160 180
1 0 208
2 12412 0-4 273
1/3+2/3 1-7 431
2/3+13 1-7 595
3 Ix1/3 0-4-7 3143
1-5-9 499
6 6x 16 1-3-5-7-9-11 592
®) Weeks after planting.

would be more effective if applied above the root system instead of under the
seed. The nitrogen needs during the first week are covered by the supply in the
seeds, especially when these are large. Banding the fertilizer is nevertheless
recommended for the first application when the root systems are still small or
before any roots are present. Later the root systems will be large enough to
benefit from broadcast fertilizer nitrogen.

Generally, nitrogen fertilizer was applied in three portions for maize and sor-
ghum, i.e. at planting and 4 and 7 weeks after planting. For leguminous crops
only a starter application was given,

Trials designed to find out the optimum way of splitting applications showed
that when only one application was given at planting the yield was lower than
when the application was split into two or three portions. Table 36 shows that
splitting into more than two portions was not necessary, provided the first appli-
cation was relatively high and the second portion was not applied until 7 weeks
after planting.

In the earlier days of the project calcium ammonium nitrate was introduced
for grain legumes as an alternative for urea, in order to reduce the risk of the
Rhizobium inoculum being inactivated by acidification. Being very hygroscopic
this fertilizer is difficult to handle. In Tater experiments urea was used without
obvious detrimental effects.

In a few experiments the effect of the slow release fertilizer sulphur-coated
urea (SCU) was studied. The results were disappointing and its use is therefore
not recommended.

6.5.2.2 Maize and sorghum

Yields. Fig. 36 shows the results of ten trials with maize and one with sorghum.
Table 37 provides some details on these trials. Unless stated otherwise, N was
applied in three equal portions {Section 6.5.2.1).
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Fig. 36. Response of maize (Curves 1-10) and sorghum (Curve 11) to rate of fertilizer N. Details
are given in Table 37 and in text.

Yields and responses to fertilizer N varied strongly, for various reasons. In
Trial 8 accidental spraying with paraquat hampered early maize growth. Trials
9 and 10 were planted too late and the crop suffered severely from drought
during the long dry season. In Trial 11 kudzu had been ploughed in before sor-
ghum was sown; the contribution of mineralized kudzu N to N uptake was esti-
mated at 50 kg ha!; moreover the leaf fungi Colletotrichum graminicola, Curvu-
laria sp. and Exserohifum turcicum had heavily infested the crop some weeks
before harvest.

In Trials 5, 6 and 7 yields were rather low as a result of waterlogging and
runoff after planting. In these trials splitting the N application clearly improved
yiclds and responses to N, up to an N rate of 160 kg ha™. In Trials 3 and 11
different splitting treatments were also investigated, but because yields did not
vary significantly, only the mean yields of these treatments were plotted in Fig.
36.

It is unlikely that varietal differences (Table 37) contributed to the variation
in yields, as all cultivars were high producers (Section 7.1). It is also unlikely
that the location played a role, because on both farms, Kabo and Coebiti, low

80 Wageningen Agric. Univ. Papers 90-5 { 1990



Table 37. Details of the nitrogen trials on maize and sorghum presented
in Fig. 36 and Fig. 37,

Number Location Growth period Cultivar

| Kabo 81.11.19-82.03.30 CMS 04

2 Coebiti 82.05.12-82.09.04 Across 7728
3 Cocbiti 82.05.12-82.08.31 Across 7728
4 Coebiti 81.05.11-81.09.02 San Andres
5.6,7% Kabo 80.04.15-80.07.31 San Andres
8 Cochiti 80.04.18-80.07.30 San Andres
9 Cocbiti 78.06.01-78.09.29 sl

10 Cochili 79.06.21-79.10.08 Cotaxtla
115 Cocbiti 81.12.10-82.03.12  Martin

8 Fertilizers were split-applied in three, two and one portion, respective-
ly.
b) Sorghum was sown alter kudzu had been ploughed in.

and high yields were obtained. Furthermore, tillage was the same in all trials

(dise ploughing) and pH was always in the optimum range (pH(K C1) 4.2-4.6).
For a closer examination of the cause of yield variation it was necessary to

bring recovery of fertilizer N and efficiency of N utilization into the study.

Recovery of fertilizer N and utilization of absorbed N. In Trials 3, 5, 6, 7, 10
and 11, crops were chemically analysed, so that N uptake could be calculated
and three-quadrant diagrams could be drawn. Fig. 37 shows that the high yields
and strong response in Trial 3 were related primarily to a better N utilization
by the crop and not to a larger N uptake from the soil or a higher fertilizer
N recovery than in other trials. Utilization efficiency in Trial 3 (Quadrant I)
was near the maximum found by Van Keulen & Van Heemst (1982) whereas
those of the other trials were far below, As shown in Section 6.5.1.2 a low utiliza-
tion efficiency was accompanied by a low harvest index. In Trials 3, 11, 5, 6,
7 and 10, harvest indices were approximately 0.43, 0.36, 0.26, 0.24, 0.21 and
0.27, respectively.

The differences in yield between Trials 5, 6 and 7 also reflected differences
in recovery (Quadrant IV), created by the splitting methods. Recovery was par-
ticularly low in the case of one application (Trial 7); the waterlogging after plant-
ing certainly contributed to leaching and denitrification. Where increased appli-
cation of fertilizer N depressed yield (Trials 10, 5, 6 and 7), recovery was low,
but positive, and utilization efficiency was negative, This shows up more clearly
in Fig. 38, where the slope of the rate-yield curve, AY / AF, is split into the
slopes of the uptake-yield (AY [ AU = cfficiency of utilization) and the rate—
uptake (AU / AF = recovery) curves. The slopes are related as follows:

AY]AU = AY]AUx AU AF

where Y, F and U are yield, fertilizer-N rate and N uptake, respectively, all
expressed in kg ha™'.
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Fig. 37. Three-quadrant diagrain for the respenses of maize (Curves 3, 5, 6, 7, 10) and sorghum
(Curve 11) to nitrogen; vKvH is maximum according to Van Keulen & Van Heemst (1982). Details
are given in Table 37 and in text,

Although the number of data were limited it seems justified to conclude (Fig.
38) that as long as maize responded positively to N application, recovery was
more than 0.3, and when maize responded negatively, recovery was below 0.1.
This suggests that the low recovery at high N application rates resulted from
the crop’s inability to utilize the extra N absorbed. A low recovery is therefore
not the cause but the result of the yield decline.

As can be concluded from Fig. 36, there was neither a critical yield nor a
critical application rate above which the response to N application changed from
positive to negative. Moisture stress was very probably involved (Boxman et
al., 1985b). The relation between N and moisture and its consequences for the
recommendations for the application of fertilizer N are discussed in Section
6.6.2.

6.5.2.3 Grainlegumes

The grain legumes tested in the project appeared to be capable of acquiring
sufficient nitrogen by symbiotic fixation. Adequate nodulation was ensured by
applying specific Rhizobium inoculum regularly on a routine basis when planting
legumes. Commercial inoculum was obtained from Nitragin Co. Inc., Clear-
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water, Florida, USA. A granular formulation (Soil Implant) was chosen to
reduce the risk of bacteria being inactivated by high soil temperatures, dessica-
tion and low pH. The rate of application used was 0.6 g (metre row)™ or 12
kg ha™' for crops grown in rows 50 cm apart. The inoculum was always applied
in contact with the seed.

There is experimental evidence, although limited, that Rhizobium enchances
crop performance. In a field experiment with groundnut and cowpea including
different rates of starter nitrogen, Rhizobium applied at planting increased the
number of nodules, total nodule weight, and plant N content of groundnut 27
days after planting. Inoculation significantly (P = 0.05) increased pod yield
by 8.5 per cent. Small amounts of nitrogen applied at planting increased the
yield of non-inoculated groundnut but had little effect when inoculum had been
applied, the increase from inoculation being larger than from fertilizer nitrogen
(Table 38). With cowpea the results were erratic, probably because cowpea Rhi-
zobia are generally omnipresent.

Positive effects of Rhizobium inoculation on growth of soybean were observed
in the field when the granule applicator of the planter failed and parts of rows
did not receive inoculum. For weeks after emergence such plants remained small
and yellow, and leaf nutrient (especially N) concentrations were lower than in
inoculated plants (Table 39).
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Table 38. Effect of Rkizohium inoculation and fertilizer nitrogen on grain legume yields. Coebiti
extension.

Crop Planting Inocula-  Yield, tha™
date tion
for N rate, kg ha™!
0 10 20 40
groundnut®) March 79 - 21 224 2.20 232
+ 2,38 244 2.35 246
Dec. 81 + 297 3.09 327
soybean®) April 81 + 3.40 3.36
Dec. 81 + 291 294 2.96
cowpca") Nov. 78 + 1.18 1.17
munghean®) March 79 + 092 1.01
4 Pod yields
b) Seed yields

Table 39. Effcct of inoculation on nutrient mass fractions (g kg™") of soybean
leaves at 61 days after planting. Kabo.

N P K Ca Mg
Non-inoculated 26.0 2.1 19.2 13.3 2.7
Inoculated 433 24 209 14.8 31

No data are available on the persistence of the Rhizobium bacteria in the soil
when the host plant is absent. Generally, each grain legume crop was inoculated
to avoid possible shortages of nitrogen. Results from nitrogen fertilizer experi-
ments indicated that an N application of 20 to 40 kg ha' at planting had hardly
any effect (Table 38).

6.5.3 Phosphorus

6.5.3.1 Type and method of application of phosphorus fertilizers
In the project the standard P fertilizers were triple superphosphate (TSP, 19%
P or 44% P,0;} and several compound fertilizers, mainly 15-15-15, 12-10-18 and
13-13-21. The standard methods of application were banding below the seed
at planting and side-dressing (of compound fertilizers) later in the season.
Usually, all phosphorus was applied at planting.

Trials were conducted to study the effectiveness of Curaphos, a phosphate
rock comprising 75% of CaCQ,, and 25% of calcium phosphates, and containing
4-5% P. In view of its composition Curaphos could serve both as P source and
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Table 40. Maize yields (¢t ha™') as influenced by source and method
of application of fertilizer P (kg ha™') on a soil with P-Bray-1 of 7.5

mgkg!. Kabo.
Treatment Triple superphosphate  Curaphos  Maize
yield
banded broadcast  broadcast

1 0 20 ¢ 1.48b%)
2 40 40 0 1.91 ab
3 80 0 0 2.15a
4 0 0 80 037¢
5 40 0 40 1.87ab

" Yields followed by the same letter do not differ significantly (P =
0.05).

as liming material. Like other liming materials, it is broadcast and incorporated
into the soil.

Table 40 shows that banding of TSP on a soil low in P-Bray-I gave a better
response than broadcasting (Treatments 1 and 3) and that Curaphos was less
effective than TSP (Treatments 1 and 4). A P rate of 40 kg ha™' applied as TSP
in bands proved suificient (Treatment 5 vs Treatments 2 and 3) on this soil.
The fraction of TSP-P recovered at this application rate is about 0.19, if it is
assumed that per tonne of maize 4 kg P is taken up (cf. Table 31) and that
Curaphos did not substantially contribute to P uptake (Treatments 4 and 5).
This value is within the range indicated in Table 34 and shows that there was
no serious P fixation.

The better response to banding compared with broadcasting must be attri-
buted to the immediate availability of P to the seedling roots.

Table 41, Effect of rate of fertilizer P on yields of five consecutive crops following clearing in 1978,
and on P-Bray-I (0-20 cm) measured at the start of the growing season, just before the next phosphor-
us application. P-poor soil at Cocbiti ¢xicnsion.

Crop Yield, t ha™ P-Bray-I, mgkg '

for fertilizer P, kg ha™' for fertilizer P, kg ha™!

0 30% 60 0 30 60
maize®) 0.00 1.95 2.83 1.0 1.0 1.0
groundnut®) 0.85 2.0 1.9 1.9 7.6 9.8
sorghum®) 0.13 0.26 0.44 1.3 34 17.3
mungbean?) 0.06 0.34 0.29 20 43 9.5
maized) 0.00 2.19 2.55 0.8 4.1 68

*) P applications 1o groundnut were 25 and 50 kg hat.

b These fields had been limed at a rate of agricultural lime of 2t ha™! in September 1978,
Y These ficlds had been limed at a rate of agricultural lime of 5t hain September 1978.
9) These crops had not received fertilizer P
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6.5.3.2 P-Bray-I and recommendations for fertilizer P

Auvailable soil-P (P-Bray-I) was very low under forest, 2 mg kg' (Table 5). After
clearing P-Bray-I varied between 2 and 8 mg kg, depending on the method
of clearing (Table 10).

The data in Table 41 refer to a trial conducted after clearing on a ficld where
no vegetation was burnt in situ. The response to fertilizer P was very sharp,
and if no P was applied, crops failed completely. The maize grown between
April and August 1980, still responded strongly to fertilizer P applied in and
before September 1979, showing that there was an important residual effect of
fertilizer P. Thisis reflected also by the P-Bray-I valuesin Table 41.

After about 20 crops, P-Bray-I is around 30 mg kg (sce next section). On
such soils the response of crops to fertilizer P is erratic, but that of P-Bray-]
is still regular (Table 42).

Fig. 39 shows that for low P-Bray-I values the amount of P taken up from
the soil increased strongly with rising P-Bray-I; the P uptake was about 10 kg
ha™ at P- Bray-I of 8 mg kg'. The crops would probably have absorbed more
P at P- Bray-1 values above 8, if other growth factors (pH, N application, mois-
ture conditions) had not been yield-limiting.

Fig. 39 combined with the data from Tables 33 and 34 forms the basis for
the P fertilizer recommendation scheme of Table 43. The recommendations are
valid for the first crop after the soil has been analysed. For subsequent crops
the rates can be lower because of the residual effect of fertilizer P,

P uptake,
kg ha™'

14

124

o/
64
P applied, kg ha™
L [t *
W e et 35
2 *>-————e &

T T T T T T Y ) 1
4 & 8 12 16 20 2% 28 n 35

P-Bray -1, mg kg™

Fig. 3%. Relationships between P uptake by maize or sorghum and P-Bray-I (0-20 cm) for three
rates of fertilizer P.
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Table 42. Effect of rate of fertilizer P on yields of four consceutive crops, and on
P-Bray-l {0-20 cm) as measured at the start of the growing season just before the
next phosphorus application. P-enriched soil at Cocbiti after about 20 crop cycles.

Crop Yield, tha™! P-Bray-I, mg kg™
for fertilizer P, kg ha™! for fertilizer P, kgha™?
0 30 60 0 30 60
maize 248 3.51 287 31 3 31
cowped 1.07 1.06 1.02 3 2 33
sorghum 3.44 3.87 .73 31 33 35
maize 3.22 3.03 2.6l

® Cowpea received 25and 50 kgha™.

Table 43. Recommended application rates of fertilizer P
(kg ha™") for dilferent crops, in relation to P-Bray-I in
the topsoil (0-20cm). The recommendations refer to band
placement of soluble phosphorus fertilizers (triple super-
phosphate, compound fectilizers). Targets are normative
good yields as mentioned in Table 33.

P-Bray-1, Maize, Sorghum, Cowpea
mg kg soybean  groundnut
0-2 100 70 50
3-5 70 40 30
6-15 50 20 10
16-30 30 15 0
> 30 15 0 0

6.5.3.3 Fate of fertilizer P

In the foregoing it was shown that P-Bray-I easily built up in the topsoil upon
repeated application of fertilizer P, indicating that Zanderij soils are not P-fixing
soils. Further evidence for this comes from some long-term trials (designed for
other purposes). Fig. 40 shows that the fraction of recovered fertilizer P as deter-
mined by P-Bray-1 was 0.15-0.50 after 4 or 6 crops and about 0.13 after 22 crops.
The fraction recovered by the crop was approximately 0.15 after a single applica-
tion and approximately 0.25 after repeated applications. This fraction would
probably have been higher if other growth conditions had been optimum.

Movement of P to deeper layers was limited. As far as it occurred, it was
caused by deep ploughing rather than by leaching.

Fertilizer P that has not been absorbed by the crop and has not moved to
deeper soil layers must show up in the data for total P obtained by analysing
the topsoil. To assess its relation to P-Bray-I, total P was analysed in a number
of forest and cropped topsoils at Kabo (Fig. 41). Assuming that this relationship
is also valid for the Coebiti soils, it can be calculated that the fertilizer P that
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Fig. 40. P-Bray-1(0-20cm)and cumulative P uptake in relation to the cumulative amount of fertil-
izer P for some long-term trials at Coebiti.

was not absorbed by the crop remained in the topsoil {Table 44).

At the end of the long-term tillage trial of Fig. 40, however, P- Bray-1 in some
20-40 cm samples was around 10 mg kg, which points to an enrichment of
about 100 kg ha' P or about 10-15% of applied P. Combining these results
into a rule of thumb: in the long run fertilizer P is distributed over crop, topsoil
and subsoil in a ratio of 25:65:10. If growth factors are optimum the fraction
taken up by the crop might increase to 0.4.

Table 44. Speculative calculations on the fate of fertilizer P for a
cumulative P application of 650 kg ha™.

Cumulative P application, kg ha™ 650
Corresponding crop P uptake (Fig. 40, below), kg ha ™! 165
P remaining in soil, kg ha™ 485
Corresponding P-Bray-1 (Fig. 40, above), mg kg™ 30
Corresponding total P (Fig, 41), mg kg’] 330
P-Bray-I after clearing (Table 10), mg kg™ 5
Corresponding total P afier clearing (Fig. 41), mg kg~
1

120
Increase in total P, mg kg™ 210

Ditto, in kg ha™' (0-20 cm; volumic mass = 1.3 Mg m™) 546
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Fig. 41. Relationship between total P and P-Bray-I for topsoils (0-20 cm) from Kabo experimental
farm.

6.5.4 Potassium

6.5.4.1 Type and method of application of K fertilizers

In the project, standard K fertilizers were muriate of potash (KCl; 60% K,0),
potassium magnesium sulphate (K,S0,.MgS80,.6H,0; 26% K,0, 9% MgQO)and
compound fertilizers containing 12 to 22% K,O. They were usually split-applied
in equal portions; at planting and about four weeks later for leguminous crops,
at planting (or one week later), and four and seven weeks after planting for
maize and sorghum.

In a trial with various splitting treatments, the standard procedure of three
applications seemed a little better than applying in two portions but the differ-
ences between the various treatments were not significant. The average response
to K application, however, was highly significant, irrespective of the application
method (Table 45),
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Table 45. Effect of different methods of splitting potassium fertilizer
at a total K rate of 100 kg ha™' on maize yields. Coebiti. Soil (0-20 cm)
exchangeable K was 0.8 mmol kg™, After Slaats & Ukkerman, 1983,

Number of Method of Time of application Yield

applications splitting weeks after planting that
0 32
2 134273 -7 5.18
2/3+1/3 1-7 522
3 Ix1/3 1-5-9 5.67
6 6x1/6 1-3-5-7-9-11 5.55

6.5.4.2 Exchangeable K and recommendations for fertilizer K

The response of crops to fertilizer K depended on the level of soil exchangeable
K, pH, and yicld level, which in turn especially depended on the nitrogen supply.
An example of the response is given in Table 46 for a soil low in exchangeable
K and with a low pH. Maize yields and K uptake were approximately doubled
or quadrupled by 60 kg ha' K, but still remained rather low. This was probably
because of the low pH and other unfavourable conditions in this soil. The maize
yield increase brought about by K application was partly caused by an increase
in grain size. In some trials 1000-grain masses wetre determined; they were 160,
176, 178, 179, 280 and 286 ¢ for yields of 0.74, 0.87,0.94, 1.22, 2.29, 1.93, 2.65
and 2.80 t ha™, respectively.

A rather different yield response to fertilizer K was obtained on asoil relatively
high in exchangeable K and with an optimum pH (Table 47). The difference
in maize yield level and response to K between the first and the third seasons
was related to the levels of N application, which were 180 and 240 kg ha', respec-
tively. '

Table 46. Effect of rate of fertilizer K on yields and K uptake of four consecutive crops,
and on exchangeable K (0-20 cm) measured at the start of the growing season, just before
the next potassium application. Coebiti. Period: Januvary 1979-August 1980, This was
a poor soil; pH(H,0) was 5.0 and pH{KC!) was 4.1

Crop Yield, tha™! Uptake, kg ha™! Exch. K, mmol kg™
for fert. K, kg ha™! for fert. K, kgha™! for fert. K, kgha™
0 57 0 52 0 52
cowpea  1.03 1.55 25.5 3l6 0.50 0.48
maize 1.08 2.1 16.8 43.6 0.58 0.65
groundnut 1.70 2.23 17.6 324 0.50 0.85
maize 0.80 272 10.3 429 0.40 0.60

8y Average of 50, 60,40 and 60 kgha ' K, respectively.

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



Table 47. Effect of rate of fertilizer K on yields of four consecutive crops, and
on exchangeable K (0-20 cm) measured at the start of the growing season, just
before the next potassium application. Coebiti. Period: May 1981-March 1983,
This was a relatively rich soil; pH(KC]) was 4.6

Crop

maize
soybean
maize®)

groundnut

Yield, t ha™!

forfert. K, kg ha™!

30

4.18
2.92
4.76
316

60

4.60
293
5.68
3.30

90

4.46
2.96
6.24
3.37

Exch. K, mmol kg

for fert. K, kg ha™!

30 60 90
L3 1.3 1.3
i1 0.9 1.1
06 0.7 08
0.7 0.8 1.0

“) Fertilizer K rates for this crop were 0, 30 and 60 kg ha ',

The data from Tables 46 and 47 and other sources were used in Fig. 42, which
shows the relationships between K uptake and exchangeable K. If K uptake
had not been determined, it was estimated by multiplying yiclds by 0.018, 0.020,

crop K application
0 60 kgha™
mqize -] L ] -
sorghum a A (5_.5} pHIKCL
groundnut o ] ——— some trial
soybean v soybean
grain yeld, tha™
maize, sorghum —~ uptnk:. "
v L6} kg ha
grain yweld, - 140 4
tha™ wplake,
7 ket 25
120 120
»
‘] / 03
i e 1 4
100 \f_? o 100
e o
[} .\A’.,Q ) g o
- a0 Sk o.Ld 80
e &3} . groundnut
ietd.
- 60 0 :n:‘d zle
-~ a
3 e
— W9, - &
LB O—
|- «0 [ wd ,
2 |-
]
420 h? 204
o critical"value -1
u T T T T T T T T a
Q 02 0.4 06 [1].] 10 1.2 14 16

wath. K, momol kg™

Fig. 42. Yields and estimated K uptake in relation to exchangeable K, pH(KCl) (0-20 cm), and
rate of fertilizer K for maize, sorghum, groundnut and soybean,
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0.012 and 0.050 for maize, sorghum, groundnut and soybean, respectively. From
Fig. 42 it can be deduced that on a soil with 0.6 mmol kg! exchangeable K,
maize is able to take up between 20 and 80 kg ha' K depending on pH(KCI}
and related soil conditions. Although the number of data are limited, it seems
justified to conclude that there is a “critical’ value of 0.7 mmol kg ' exchangeable
K. At higher values, yields obtained without fertilizer K are at least 90 per cent
of those obtained with K, and a K application of 30 kg ha™ is enough for maxi-
mum Yyields (Fig. 43). This ‘critical’ value holds when pH is in the optimum
range.

ref. yigld, %
100 J, v o v .
Q_ B
80
0 o
604
crop K oppiication, kg ha
1] 30
40~ maize ] ]
° groundnut a L]
bean v v
204 o
“eritical"val
o ritical"value
a - T 1

L I U 1 1
1} az 0.4 a6 c8 10 12 14 16
exch. K, mmot kg~

Fig. 43. Relative yviclds of maize, groundnut and soybean, in relation to exchangeable K in the
topsail (0-20 cm). Crops reccived no fertilizer K or 30 kg ha™!.

rel. yield, %
100 ~ oy ry
w
a
80 a
L]
60— o
&40 © maize
° 0 groundnut
7 soybean
20 & cowpag
¢ T T T T T T T
1] [3 ] 12 16 20 22 2%

leat K, g kg™

Fig. 44. Relationship between relative yields and mass fraction of K in leaf, for maize, groundnut,
soybean and cowpea.
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In a number of trials leaf K was analysed. Fig. 44 shows that for all crops
used a feaf K mass fraction of 20 g kg™ (= ca. 500 mmol kg™') was sufficient.

Fig. 42 combined with the data in Tables 33 and 34, forms the basis for the
K fertilizer recommendation scheme of Table 48. As will be explained in Section
6.5.4.3, 0.7 mmol kg™ is probably the level of exchangeable K that can be main-
tained under normal agricultural practices. If soil exchangeable K is lower, part
of the fertilizer K is used to increase exchangeable K; if soil exchangeable K
is higher, the exchangeable K decreases because of crop uptake and leaching.
As a consequence, when exchangeable K is around 0.7 mmol kg™' the amount
of fertilizer K should be equal to the removal of K by the crop, or slightly higher
to compensate for leaching losses. The rates must be higher or lower, when
exchangeable K is lower or higher than 0.7 mmol kg,

The recommendations of Table 48 are valid for the first crop after the soil
has been analysed. For the following season the application rate required is
the same, or is higher or lower than for the first crop, depending on whether
the original value of soil exchangeable K was equal to, higher than or lower
than 0.7 mmol kg'.

6.5.4.3 Fateof fertilizer K

The data presented in Tables 46 and 47 were used to estimate from which sources
crop K was derived and how the applied fertilizer K was recovered by crop
and soil (Table 49). Exchangeable K was expressed in kg ha”, assuming a bulk
density of 1.28 Mgm™ (so, ] mmolkg* = 100 kg ha™' for a 20 cm soil layer).

The uptake from exchangeable K was estimated from the decrease in ex-
changeable K in the control treatment (cf. Table 46) and in the treatment with
acumulative K application of 60 kg ha™'. For the latter treatment, it was assumed
that the crop recovered a fraction of 0.5. The extra K uptake in the other treat-
ments was ascribed to fertilizer K. The difference between total uptake and
uptake from exchangeable K plus fertilizer K, indicated as uptake from other
sources, must have been withdrawn from non-exchangeable K.,

The fertilizer K that was allocated to exchangeable K, equals the difTerence
in final exchangeable K between the fertilized and non-fertilized (or fertilized
at the lowest rate) soil as shown in the lower half of Table 49. The uptake is
the same as in the upper half of Table 49, The K that makes up the difference

Table 48. Recommended application rates of fertilizer K (kg ha™) for different
crops. in relation to exchangeable K {mmol kg ™) in the topsoil (0-20cm). Targets
are normative good yields as mentioned in Table 33.

Exch. K Maize Sorghum  Groundnut  Soybcan  Cowpea

<0.4 160 120 80 220 60
0.4-0.6 130 100 Ky 170 30
0.6-0.8 160 80 60 25 40

>038 30 20 10 30 14
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Table 49, Estimated contribution of several sources to K absorption by three conse-
cutive crops, and apparent fate of fertilizer K, for a poor soil and a relatively rich
soil. Data are derived from Tables 46 and 47 and expressed in kg ha™'.

Poor soil Relatively rich soil

Initial exch, K, 0-20cm 50 50 130 130 130
Total fertilizer K applied 0 150 60 150 240
Total K uptake 60 108 3035 332 340
K uptake from

exch. K, 0-20¢m 10 10 60 60 60

exch. K, 20-40 cm 7 7 nd.h nd. nd.

other sources 43 43 215 215 215

fertilizer 0 48 30 57 65
Total fertilizer K allocated 150 90%) 180%)
K allocated to

exch. K,0-20¢cm 22 10 30

exch, K, 20-40 cm 29 n.d. n.d.

crops 48 27 35

other soil components 51 53 115

and leaching

2y The quantities of 90 and 180 kg ha™! are the differences between the K application
rates of 150 and 60 and of 240 and 60 kg ha™", respectively.
b) n.d. = no data available.

Table 50. Estimated partition of fertilizer K applied at
a rate of approx. 100 kg ha! to a soil with exchangeable
K (0-20 cm) of approx. 0.7 mmol kg™,

Fraction of fertilizer K used for

uptake by crop - 03-05
maintenance of exch. X, 0-20 cm 0.1-0.2
maintenance of exch. K, 20-40cm 01-02
ather purposes®) 05-01

3y Increase in non-exch. K, increase of exch. K in soil
below 40 cm depth, lost by leaching.

between total fertilizer K and K recovered in crop and soil exchangeable K was
assumed to have been leached or to have been used for an increase in non-
exchangeable K.

The data from Tables 46 and 47 suggest that soil {0-20 cm) exchangeable
K can fairly easily increase to about 60 kg ha™ but can also quickly decrease
from 130 to 70 kg ha™'. Therefore a value for exchangeable K of 0.7 mmol kg
(= 70 kg ha™') is considered as a steady state level that can be maintained if
K application compensates for the removal by the crop and some leaching,
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A rough estimate of the partition of fertilizer K applied to a soil with a steady-
state K level is given in Table 50. If leaching is a considerable fraction of what
in the table is called ‘other purposes’, the soil is not really in a steady state,
and exchangeable K will decrease.

Increasing fertilizer K application to rates higher than the recommended rates
in Table 48 will lead to a proportionally higher increase in leaching than in
uptake of K.

6.5.5 Magnesium

6.5.5.1 Type and method of application of Mg fertilizer

Magnesium was either split applied as potassium magnesium sulphate (K,50,.
MgS0,.6H,0) or compound fertilizers, or given in a single application at or
before planting as kieserite (MgSO,.H,0) or dolomitic limestone (Ca, Mg,
(C(y),). Tt was observed that under the prevailing atmospheric humidity small
MgSO, H.O crystals easily recrystallized into soluble material, probably
MgS0,.7H,0. Under such conditions kieserite is not therefore to be considered
as a poorly soluble fertilizer. As these changes might occur during storage, one

average application per crop, kg ho ™~ avarage copliation per crop, kg ha
K Mg X Mg
52 15 L] 60 40
52 0 o 100% 80 20
¢ 15 x 23 &0
1] 0 o 23 20
el yield,
% %
L J
140 140
1204 . x - 120
[ ]
) [ ]
1004 © 'y e ° 2 i © 5 L 100
<] *
x ]
80 Q 80
56 ° 60
®
40 ]
°©
x
20 poor soil ralatreely nch sod |- 20
o € m m m L] m [} Lo
1 3 1 2 3 i
rop number

Fig. 45. Effects of K and Mg application on relative yields of four consecutive crops, on a poor
soil and on a relatively rich soil. ¢ = cowpea, m = maize, g = groundnut, s = soybean.
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should take them into account when weighing the fertilizer for a desired quantity
of Mg.

6.5.5.2 Exchangeable Mg and recommendations for fertilizer Mg

Crops responded positively to application of fertilizer Mg in a few cases only
{Fig. 45). The poor and the relatively rich soils in Fig. 45 are the same as in
Tables 46 and 47. On the poor soil, application of fertilizer Mg resulted in a
slight yield decrease if no fertilizer K was applied. On the relatively rich soil,
neither K nor Mg had much effect on yield. Only the third crop, maize, showed
a positive response to Mg, especially if K was also applied. In this trial, yield
and corresponding Mg uptake (22-32 kg ha™') were high. In most other cases
the ¢crop demand for Mg was less than 20 kg ha™, so that the soil alone could
supply sufficient Mg. The maximum Mg uptake from the soil alone was linearly
related to exchangeable Mg in the topsoil (0-20 cm), as can be seen from Fig.
46. The relation was:

Mg uptake (kg ha ' season™) = 13 x exch. Mg (mmol kg™).

crops Mg opplication

¢ dkgha™
maize, soybean maize L] ® —» same trial
songhum F A
LP‘:L; groundnut o . "::t::s’.
yieli. d soybeor v Y Sl
B cowpea ) - 32
B e ’ o~ k! groundnut,
5.0 4 pHIKCE} "}.5) Y BOFghUM - wpeo
28 max. uptoke 3 13 % exch, Mg ",-‘ : - 28 qu:'
5o kg ha™' mmol kg™ 5 ! tha
57 ’ I o
H
i
L0120 . | 20
;
’,' -3
16 v A 8
30 .
S A - 3 Lz 42
204 S0 N e g
_a 8
241
wd S e
-4 3
o b .

I 1 T 1 T T

! ! -
04 04 08 1.2 15 20 24 28 mmol kg
12 24 36 i &0 72 8. kgha™
exch. Mg

Fig. 46. Yields and estimated Mg uptake in relation to ionic equivalents of exchangeable Mg,
pH(K.C) (0-20 cm), and rate of fertilizer Mg, for maize, sorghum, groundnut, soybean and cowpea.
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As | mmol kg! of ionic equivatents of Mg roughly corresponds to 30 kg ha™!,
the maximum uptake per growing season is estimated at 40 per cent of the
amount of exchangeable Mg in the topsoil.

This relationship, combined with the data from Tables 33 and 34, forms the
basis for the Mg fertilizer recommendation scheme of Table 51. It was assumed
that groundnut recovered a fraction of 0.2, and the other ¢rops a fraction of
0.1 of the fertilizer Mg applied. If exchangeable Mg is just adequate to satisfy
the crop’s demand, it is recommended to apply Mg at a rate that is about equal
to the crop’s uptake.

6.5.5.3 Fate of fertilizer Mg

Sources of Mg uptake and distribution of fertilizer Mg over soil, crop and losses
were estimated in the same way as explained for K in Section 6.5.4.3. The data
on the sources of exchangeable Mg (Table 52) were derived from the same trials
as discussed in Tables 46 and 47. From Table 52 it follows that to maintain

Table 5t. Recommended application rates of fertilizer Mg (kg ha"l}. in relation to ionic
equivalents of exchangeable Mg (mmol kg '} in the topsoil (0-20 cm). Targets are norma-
tive good yictds as mentioned in Table 33,

Exch.Mg Maize Sorghum  Groundnut  Sovbean Cowpea
<0.5 200 50 150 100 30
0.5-1.0 150 30 75 60 10
1.0-15 90 10 50 0 0
1.5-2.0 40 0 30 15 0
20-25 25 0 25 0 0
>2.5 0 0 0 0 0

Table 52. Effect of rate of fertilizer Mg on exchangeable Mg (ionic equivalents,
mmo! kg ') on a poor soil (from Table 46) and on a relatively rich soil {from Table
47). Samples were taken shortly before the application of Mg to the next crop.
The Mg rates mentioned (kg ha™ per crop) are averages of the rates applied to
Crops 1, 2and 3.

Sampling Sampling Poor soil Relatively rich soil

before depth, cn

crop fert. Mg, kg ha™' fert. Mg, kgha™!

0 17 7 27 47

t 0-20 1.5 1.9 22 22 2.2
20-40 0.9 1.5

2 0-20 1.5 21 22 24 26
20-40 0.9 1.2

3 0-20 1.2 1.9 19 23 27
20-40 09 I.1

4 0-20 1.0 1.7 1.6 2.1 23
20-40 0.7 1.4
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exchangeable Mg in the topsoil at a level of around 2.0 mmol kg! (ionic equiva-
lents) an Mg application of 7 kg ha™! per season was not sufficient and a rate
of 27 kg ha! per season was hardly sufficient.

Table 53 is based on the data from Table 52 and on measured or estimated
data on Mg uptake. The contribution of fertilizer Mg to Mg uptake was only
4 per cent at low application rates, and around 15 per cent at higher rates. The
remainder of fertilizer Mg was used to maintain or increase soil exchangeable
and non-exchangeable Mg, or it was lost.

All available data were used in Table 54 to estimate how fertilizer Mg is spent
when it is applied at a rate of about 25 kg ha! per season on a soil with approxi-
mately 2.0 mmol kg (ionic equivalents) of exchangeable Mg, and when the
normative good yields of Table 33 are obtained. Under such conditions a steady
state for soil Mg can probably be maintained.

6.5.6 Sulphur

Sulphur was not included in the standard soil and plant analyses, and it did
not receive much attention in the studies. The effect of sulphur application was
studied in one trial only. It was a K-Mg-8 factorial experiment, carried out

Table 53. Estimated contribution of several sources to Mg absorption by three consecu-
tive crops, and apparent fate of fertilizer Mg, for a poor soil (from Table 46) and a
relatively rich soil (from Table 47). All data arein kg ha™,

Poor soil Relatively rich soil

Initial exch. Mg, 0-20 cm 45 57 66 66 66
Total fertilizer Mg applied 0 50 20 80 140
Total Mg uptake 27 28 60 67 70
Mg uptake from

exch. Mg, 0-20cm 17 17 18 18 18

exch. Mg, 20-40 cm 6 6 nd? nd n.d.

other sources 4 4 40 40 40

fertilizer 0 1 2 9 12
Total ferilizer Mg allogated S0 60%) 120%)
Mg allocated 1o

exch. Mg, 0-20cm 9 i5 36

exch. Mg, 20-40 cm 4 nd. n.d.

crops 1 7 10

other soil components 36 38 74

and leaching

2) The guantities of 60 and 120 kg ha™' are the differences between the Mg application
rates of 80 and 20 kg ha™' and of 140 and 20 kg ha™!, respectively,
¥ n.d. = no data available.
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Table 54, Estimated partition of fertilizer Mg applied at a rate
of approx. 25 kg ha™' 10 a soil with exchangeable ionic equiva-
lents of Mg of approx. 2.0 mmol kg ' (0-20 cm).

Fraction of fertilizer Mg used for

uptake by crop 0-0.2
maintenance of exch. Mg, 0-20cm 0.2-0.3
maintenance of exch. Mg, 20-40 em 0.1
other purposes®) 0.7-0.4

)} Maintenance or increase in non-exch. Mg, and in exch. Mg
in soil below 40 cm depth, lost by leaching.

on a poor soil. The results of this trial for K and Mg are presented in Tables
46,49, 52 and 53, and in Fig. 45. During the four consecutive crops no response
to sulphur application was found. It should be realized, however, that the yields
in this trial, and hence the demands for sulphur, were rather low.

In none of the trials of the entire project were any symptoms of sulphur defi-
ciency observed. Some of the standard fertilizers applied, such as potassium
magnesium sulphate, contained sulphur, and this, in combination with the sul-
phur supply from the soil, was apparently enough to meet the sulphur require-
ments of the crops.

6.5.7 Minor nutrients

Minor nutrients were barely studied in the project. To avoid any possible defi-
ciencies of these nutrients the routine practice was to apply 25 kg ha! fritted
trace elements (FTE) once every 2 to 3 years, starting a few years after clearing.
The type of FTE used consisted of ground amorphous silicates, acting as a slow-
release fertilizer. Expressed in g kg™l this FTE contained 43 B, 52 Mn, 9 Cu,
85Zn, 8 Fe and 8 Mo. Itis not clear whether the application rate and the compo-
sition of the mixture were optimum; however, no symptoms of deficiency of
minor nutrients were encountered. This was in contrast to what was reported
by Schroo {1976); he found zinc deficiency on Zanderij soils, especially on those
low in soil organic matter.
The experiments on minor nutrients carried out during the project gave the
following results:
— no response or only a slight positive response in maize or mungbean to FTE
application;
— application of Mo increased N concentration in soybean leaves, but this was
not accompanied by an increase in yield.

6.6 Relationships between water and nutrients

In Section 6.2.2 it was shown that the crop’s response to moisture stress was
affected by the level of fertilizer application, and in Section 6.5.2.2 that moisture
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stress was involved in the variation in the response to fertilizer N under rainfed
conditions. These interrelationships will now be discussed in more detail.

6.6.1 Interactions of fertilizer rates, moisture deficit and sunshine duration

In the irrigation trial discussed in Section 6.2.2, fertilizer rates varied from cycle
to cycle, for all nutrients applied (Table 18), making interpretation of the results
difficult. Therefore, interpolated yields were compared at standard fertilizer
rates. A disadvantage of that procedure is that the interrelations between mois-
ture and nutrient availability were not revealed.

To study these relationships, four classes of fertilizer nutrients (relative fertil-
izer application rates) were distinguished (Table 55). The standard rates used
in Section 6.2.2 correspond with relative fertilizer rates of .55 and 0.6 for maize
and soybean, respectively, The calculated data on moisture deficit (Tables 19
and 20) were used to evaluate moisture availability. The number of stress days
may well have been a better criterion, but these data were not available for the
irrigated crops. Classes of moisture deficit were 0, 20, 40, 90 and 200 mm for
maize, and 0, 20, 90, 135 and 200 mm for soybean. It proved useful to distinguish
classes of relative sunshine duration too: 0.38, 0.48 and 0.77 for maize, and 0.5
and 0.75 for soybean.

Mauize. Fig. 47 shows that maize yields increased with fertilizer application rate
if the moisture deficit was 20 mm or less, whereas beyond a relative application
rate of 0.4 no yield increase was obtained if the moisture deficit was 40 or 90
mm. At 200 mm moisture deficit there was virtually no yield, nor was there
aresponse to fertilizers (see Tables 19 and 20, Cycle 3). Irrespective of the fertiliz-

Table 55. Relative fertilizer rates and corresponding average rates of N, P, K, and Mg
for maize and soybean in the irrigation trial ut Coebiti (rounded figures).

Rel. fertilizer Average rate, kg ha™?
rate

N P K Mg
Maize
0.25 60 25 25 20
0.40 90 35 50 40
0.75 165 65 90 75
1.0¢ 210 75 140 110
Soybean
0.20%) 13 20 25 15
0.40 8 35 50 30
0.75 15 65 90 90
1.00 10 65 135 150

) N was not included in the calculation of the values of relative fertilizer rates for soy-
bean.
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Fig. 47. Relationship between maize yields (t ha") and relative rate of fertilizer. A. Effect of mois-
ture deficit. B. Effect of relative duration of sunshine.

er application rate, when relative sunshine was (.77 vields were about 0.4 t ha™'
higher than when relative sunshine duration was .48 (Fig. 47). The yield differ-
ence brought about by an increase in relative sunshine from 0.38 to 0.77 was
about 1.21ha', which is 30 per cent of the highest yield of 4.1 t ha™'. The theoreti-
cal potential yield calculated in Section 6.1.1 (Curve A in Fig. 20) fluctuated
between 4.3 and 6.4 t ha™. In other words, here too the largest difference was
about 0.3 times the maximum yield. Unfortunately, the data were too limited
for a closer examination of the interrelations between sunshine duration and
availability of water and nutrients.

Soybean. The response of soybean to increased fertilizer application was clear
at moisture deficits of 0 and 20 mm, weak at a deficit of 90 mm, and absent
at the higher levels of moisture deficit (Fig. 48). At 20 mm moisture deficit,
sunshine had a modest positive effect. Yield levels were higher at 20 mm than
at 0 mm moisture deficit. This is probably accidental; most data in the zero
moisture deficit ¢lass are from Cycle 2 (Table 20), when soybean had to be
resown because of poor emergence.
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At moisture deficit levels of 90, 135 and 200 mm, yields were virtually equal.
It is possible that more sunshine counterbalanced the effects of more severe
drought in the 135 and 200 mm classes. However, there were insufficient data
to be able to unravel these effects.

In conclusion, both Fig. 47 and Fig. 48 show that optimum fertilizer applica-
tion rates decrease as moisture deficits increase. This implies that fertilizer
recommendations should be modified, depending on planting date.

During the project sufficient experimental information for this was only
obtained for nitrogen. However, the interrelationship with moisture is probably
more obvious for nitrogen than for other nutrients.

6.6.2 Moisture stress and response to N by cereals

6.6.2.1 The effect of moisture stress

Fig. 36 shows that the N rates at which yield response changed from positive
to negative varied from 80 kg ha™' to more than 250 kg ha”'. To investigate
the influence of moisture the number of stress days during the critical period
(36-85 days after planting) was calculated with the model discussed in Section
6.1.3. This could be done for the Coebiti trials only (Table 37). Fig. 49 shows
that stress days clearly depressed yields, the slopes of the curves being steeper
with higher N application rates.

Based on the relationships shown in Fig. 38 and Fig. 49, a schematic three-
quadrant diagram was designed for 0, 10, 20 and 40 stress days (Fig. 50). It
shows that control yields, N utilization, N recovery, and optimum N application
rates were all negatively affected by moisture stress. The quantity of N taken
up from the soil alone as found by extrapolation was estimated to be 35 kg
ha! in all cases. The available data were not sufficient to make a distinction
between stress periods.

6.6.2.2 Fertilizer-N recommendations for maize

The influence of moisture stress on crop response to fertilizer N has far-reaching
implications on the profitability of N use and on the recommendations made
for fertilizer N. The latter should take into account the number of stress days
expected.

In 1983 the price of 1 kg urea-N was about one Suriname guilder (SRG 1.00)
whereas the price of maize fluctuated between SRG .25 and SRG 0.40. To
be economic, maize yield increases should exceed 2.5 to 4 kg per kg urea-N
applied.

Yield increases per kg N (AY / AF) were calculated from Fig. 50 for N rates
over the intervals of 0-80, 80-120, 120-160 and 160-240 kg ha™'. The results thus
obtained were plotted versus N rate for 0, 10, 20 and 40 stress days during the
critical period (Fig. 51). The intersections of these curves with the horizontal
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Fig. 50. Schematic relationships between N application, N uplake and maize yield for 0, 10, 20
and 40 days of moisture stress during the critical period.

lines, representing AY / AF values of 4 and 2.5, indicate the approximate eco-
nomic optimum N application rates. They were 250, 140, 90 and 60 kg ha
for 0, 10, 20 and 40 stress days, respectively.

Next, the numbers of stress days for successive planting times were averaged
for the years 1977-1982. They are shown in Fig. 52, together with calculated
control yields, yields at optimum fertilizer N rates and corresponding AY [ AF.
April was clearly the best time to sow maize.

In the period 1977-1982 the number of stress days differed considerably
among the years. Table 56 gives the extremes in the number of stress days, opti-
mum N rates and expected yields for March, April and May plantings.

To account for the variation in number of stress days, it is recommended
to plant maize in April, and to apply N in two applications of 85 kg ha™' each
(e.g. at planting or somewhat later, and at 30 days after planting), whereas a
third application (ca. 45 days after planting) might vary from 0 to 80 kg ha,
depending on weather conditions. The normative good yields of 4.5 t ha!, or
higher, can then be obtained.
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Table 56. Highest (1) and lowest (2) number of calculated moisture-stress days during
the critical period of maize planted in the period March - May, as found for Coebiti
over the years 1977-1982, and corresponding optimum N rates (kg ha™') and related
yields.

Period Stress days Optimum N rate®) Yield, t ha™tt)
i 2 1 2 1 2

8-31 March 1 0 135 250 35 6.5

1-28 April 6 0 170 250 43 6.5

29 April - 12 May 15 \] 110 250 31 6.5

12-25 May 21 0 %0 250 2.6 6.5

4 Found by interpolation of Fig. 51.
% Found by interpolation of Fig. 50,

The lack of meteorological data for Kabo prevented the number of moisture
stress days from being calculated, and hence the above relationships were not
tested for that site. However, although the number of stress days and their distri-
bution aver the year may differ, there is no reason to assume that the relation-
ships would differ from those found for Coebiti.

6.7 Pests and diseases
6.7.1 Insect pests

6.7.1.1 Establishment

The insect fauna in the forest before clearing was surveyed at Kabo only. Yellow
pans and Malaise traps were used. This survey did not yicld species known as
pests of annual crops. :

After clearing, Digitaria horizontalis, one of the very few early pioneer weeds,
was injured by the Hesperid Nyctelius nyctelius. Some caterpillars of this species
were also seen on seedlings of the first crop planted at Kabo, i.e. maize. A few
days later the same maize crop became heavily infested with Spodeprera frugi-
perda (Noctuidae). Such a heavy attack had never been observed at the Coebiti
farm. The crop had to be resown. No light traps being available, it did not
become evident whether the adult population came from the surrounding forest,
from the road verges or from further away.

Later, unexpected or unknown pests occurred. Trigona bees gnawed holes
in ripe cowpea pods exposing the seeds to the influences of weather and fungi.
These bees are known as pests of yardlong bean in the coastal area but not
of cowpea. Tiny Lepidopterous larvae tunnelled the stems of soybean seedlings
causing half the number of plants to die. These pests disappeared at harvest
or when the attacked plants died, and never damaged crops again. Obviously,
the ecosystem was extremely unstable so that insect populations were able to
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increase without being checked by predators or parasites.

At Coebitl, leaf-cutting ants {Afta sp.) occasionally damaged annual crops.
Damage was usually confined to rows near the forest surrounding the experi-
mental farm, or near perennial craps or fallow ground that had not been recently
cultivated, allowing ants to establish nests. Mirex bait (a.i. dodecachlor) applied
near the entrances of the ants’ nests was effective in eliminating the colonies.

Mole crickets (Scapteriscus and Gryllotalpa spp.) are a major pest in the coast-
al area of Suriname but not at Kabo or Coebiti, although adults were caught
in black-light traps. 1t may be that the Zanderij soils have properties unfavour-
able to their burrowing way of life.

6.7.1.2 Cereals

The typical leaf damage by ‘the fall army worm’ (Spodoptera frugiperda, Noctui-
dae) gave the impression that this pest was a factor limiting maize production.
Treatment with insecticides such as permethrin (0.2 litres Ambush 50 e.c. per
ha), monocrotophos (1 litre Azodrin 600 g 1! per ha), trichlorphon (1 kg Dip-
terex SP 95 per ha), fenitrothion (1 litre Sumithion 50 per ha) or methomyl
(1.5 litres Lannate per ha) much reduced and sometimes even prevented damage
to the leaf whorl. However, the yields were not significantly higher than in con-
trol plots,

Carbofuran (25 kg Furadan 5G per ha) applied under the seed at planting
reduced seedling damage by arthropods and ensured a good crop, but when
climatic conditions were unfavourable for maize cultivation, plots treated with
carbofuran were found to yield significantly less than control plots.

Injury to the stalks caused by stem borers (Diarraca spp.) could not be pre-
vented with insecticides. The effect of borer infestation was not clear. In one
experiment the percentage lodging was the same for borer-free plants and for
borer-infested plants. No correlation was found between borer incidence and
maize yield, but borers could cause ‘dead hearts’ in sorghum. D. saccharalis
and D. lineolata were reared from maize but D. centrella was only caught in
traps at Coebiti and Kabo. Ear damage by corn earworm (Heliothis zea, Noctui-
dae), stem borers and fall army worm could not be avoided, in spite of weekly
applications of Lannate or Ambush.

Other pests were corn leaf aphids (Rhopalosiphum maidis), chinch bugs (Blis-
sus leaucopterus) and Macis latipes (?) (Noctuidae). These pests were considered
of minor importance, although at times Mocis larvae completely defoliated
maize plants after first having defoliated grasses and Cyperaceae present near
or in the maize fields.

Once, a heavy attack of Macis at Kabo was accompanied by an outbreak
of what looked like Spodoptera. Larvae of the latter were found in large numbers
per plant and defoliated the crop, starting with the oldest leaves (usually, only
one caterpillar is present per plant, in the whort). The adults were very similar
to Spodoptera adults collected at other times — except that the males were slightly
more brightly coloured. No differences in male genitalia were observed and it
was concluded that the species concerned was Spodoptera frugiperda although
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this population showed an aberrant behaviour.

Parasitism was not an important factor in larvae mortality. Only three para-
sites, belonging to two species of Tachnidae (Diptera) were reared from over
100 Spodoptera larvae collected in the field. Only three of the over 50 Diatraea
larvae examined were parasitized, by Stomatodexia diadema (Tacnidae). Polistes
wasps were always present in maize crops, searching the plants for caterpillars.
Predation was therefore probably more important than parasitism.

Although the yield of insecticide-treated maize was sometimes higher than
that of non-treated maize, insecticide application is not considered to be eco-
nomically feasible.

6.7.1.3 Legumes

A survey of the insect pests occurring in the legumes is given in Table 57. Attacks
by Cicadcllidae, characterized as *hopper burn’, caused a light green to yellow
discolouration near leaf edges. In soybean and cowpea (but not in groundnut)
the leaves wrinkled. The attack resulted in stunted growth, a faded appearance
and low yields. In one experiment with groundnut, a pre-planting application
of carbofuran (40 kg Furadan 5G per ha) prevented leathopper damage. Com-
pared with treated plants the main stem of control plants was 22 per cent shorter,
and yields were reduced by about one-third (Fig. 53). A rainfall distributed
evenly over the growing season may explain the explosive increase in the leafhop-
per population that was expertenced in this particular experiment. In later exper-
iments the populations were never as high and the effect of carbofuran was negli-
gible.

Leaf-feeding beetles (Chrysomelidae) can cause severe loss of leaf area in soy-
bean grown in the coastal plain. In the Zanderij area damage was only observed
occasionally. Higher infestation rates were found in plots where weeds were pres-
ent. The genera Cerotoma and Diabrotica are the main pests of cowpea in the
coastal plain. At Coebiti, chrysomelid beetles were found defoliating cowpea
plants in a small field experiment, but in larger fields crop injury was never
serious.

Table 57. Insect pests®) reported for legumes in the Zanderij area.

Soybean Groundnut  Cowpea Munghean
Cicadellidae X xx X
Chrysomelidae XX x
Anticarsia gemmatalis b3 X
Heteroptera X X X
Hippopsis lemniscata X
Stegasta basquella X
Spodoptera frugiperda X
Maruca testulalis X
Frankliniella sp. x
Aphis craccivora X

“)x = noor minor damage; xx = severe damage,
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Fig. 53. Effects of leaf-spot discase, rust and lealhopper control on yield and harvesting time {wecks
after planting) of groundnut.

Velvet bean caterpillars (Anticarsia gemmatalis, Noctuidae) sometimes
occurred in soybean. The larvae have been reported to feed on groundnut, but
at Kabo and Coebiti damage was never observed, although adults were often
caught in light traps.

Bugs (Heteroptera) sometimes occurred in soybean, and were present in cow-
pea but in numbers too low to cause damage. They were observed in mungbean
flowers, stems and young pods.

Once an attack by a Cerambycid beetle was observed on young soybean plants
about 15 cm high. Larvae tunnelled the stems and many plants died. Aduits
were 9-12 mm long, 0.8-1.0 mm wide and greyish brown with brownish-yellow
longitudinal stripes. Antennae were about three times the body length. No refer-
ence to this pest was found in the available literature. The insect was identified
as Hippopsis lemniscata by M. Russel, British Museum (Natural History), Lon-
don.

The rednecked peanut worm, Stegasta basquella, was often observed in
groundnut at Coebiti and Kabo. Young, still folded leaflets were perforated,
giving rise to symmetrical holes in the four leaflets of a leaf after unfolding.
This pest is not considered to be of any economic importance.

Larvae of Spadoptera frugiperda were often caught in light traps, but no dam-
age was ever observed in groundnut.

Wherever in the world cowpea is grown, insect pests such as the Pyralid Mar-
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uca testulalis and flower thrips are reported as being important pests, Maruca
testulalis was caught in large numbers in light traps at Coebiti and Kabo. Adults
were reared from pigeon pea pods. Occasionatly larvae were encountered in cow-
pea flowers but not in pods. About 40 per cent of the trees in the nearby forest
are Leguminosae, and these trees may be preferred host plants; this could explain
why this insect is not a pest of cowpea in the Zanderij area.

Flower thrips (Frankliniella sp.) were sometimes present but the crop losses
caused by this pest could not be assessed. In experiments at Kabo and Coebiti
no differences in yield were observed when cowpea cultivars were treated with
monocrotophos (Azodrin 5) at different stages. In one experiment at Kabo fairly
large numbers of thrips were present in the cultivar TVx 66-2H and only a few
in TVx 13-31K. Yields were 451 and 341 kg per ha respectively. At Coebiti the
yvields were about 200 kg per ha for either cultivar. Severe drought soon after
planting is the main explanation for this low yield.

The cowpea aphid, Aphis craccivora, was found once in large numbers on
seedlings and young cowpea plants.

6.7.1.4 Root and tuber crops

Common cassava pests were present at Kabo, but their origin is not known.
It is possible that they were introduced from Coebiti when plant material was
transferred. Adults of the cassava hornworm (Erinayis eflo) were caught quite
often in arcas where hitherto no cassava had been grown; this suggests that
the pest may have been present in the original vegetation,

The following pests were found in cassava at Kabo: thrips (Corynethrips ste-
nopterus), scale insects (Coccoidea), lace bug (Variga sp.), Phiyctaenodes bifilulis
(Pyralidae), Jathrophobia brasiliensis (Cecidomyidae), Carpolonchaea chalybea
(Lonchaeidae) and Mononychellus tanajoa (Acari). Damage was considered to
be minor and no control measures were taken. Application of thrichlorphon
(Dipterex SP 95) may check heavy attacks.

Sweet potato tubers were often infested by the West Indian sweet potato wee-
vil (Euscepes postfaciatus). The tubers were tunnelled just below the peel, thus
affecting quality and not production.

Cylas spp., commonly called sweet potato weevil and known to be an impor-
tant pest in neighbouring countries, were not found at Coebiti or Kabo.

6.7.2 Diseases

6.7.2.1 Cereals
Leaf blight, caused by Helminthosporium sp., was a common disease of maize.
Its effect on yield is not known. In places with waterlogging Pythium sp. caused
plant losses. It was not of importance where natural soil drainage was good.
Several fungi (Diplodia sp. and Gibberella sp.) caused ear rot. Whether insect-
damaged ears were more susceptible to infection by ear rot fungi remains to
be established.
Sorghum panicles maturing during humid rainy conditions readily became
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infected by grain moulds and head blight. Cultivars with open panicles that
dry more quickly after rain are likely to be less susceptible than cultivars with
closed panicles. The predominant fungus causing these diseases was Curvularia
sp., often accompanied by Colletotrichum graminicola and Exserohilum ( = Hel-
minthosporium) turcicum, all of which were also present on the grains. Seedlings
from such infected planting material showed dclayed growth and often died
soon after emergence. The first symptoms consist of small reddish spots on leaves
and leaf sheaths. Sometimes the kernels in affected panicles germinated on the
plant, but whether this was induced by moisture or by the fungi, could not be
established.

Fully grown plants were often attacked by fungi, Colletorrichum graminicola
mainly, causing necrotic spots in red-brown stripes on leaves and stalks, Curvu-
laria sp. and Exserohilum turcicum were also present. As a result leaves died
prematurely. The discase was most pronounced after flowering.

6.7.2.2 Legumes

Soybean and mungbean did nrot suffer much from discases, cowpea only
occasionally, but for groundnut the main yield-reducing factors were leaf-spot
diseases and rust. Table 58 summarizes the diseases found in legumes on the
Zanderij soils.

Research at Coebiti in 1974 indicated that leaf spot diseases caused by Cercos-
pora arachidicola and Cercosporidium personata suppressed yields by 37 per cent
(Bink, 1975). Rust, caused by Puccinia arachidis, was not a yield-reducing factor
then and groundnut was sprayed with fungicides such as benomyl, which con-
trolled leaf spot diseases only. As a result, rust became an increasing problem.

In five field experiments at Coebiti chlorothalonil (3.5 1 Bravo 500 e.c. per
ha) proved to be the best fungicide, controlling both leaf spot disease and rust
adequately. It should be applied at i4-day intervals, starting 3 weeks after plant-
ing. Benomyl (0.5 1 Benlate w.p. per ha) and thiophanate-methyl (0.5 1 Topsin
M per ha) only controlled leaf spot diseases, whereas maneb (3 kg Maneb w.p.
per ha) was effective against rust. Compared with chlorothalonil, a mixture of
benomyl or thiophanate-methyl and maneb was less effective against leaf spot

Table 58. Diseases”) reported for legumes in the Zanderij arca.

Soybean Groundnut  Cowpea Mungbean
Seedborne diseases X
Leaf-spot diseases xx X
Rust XX
Soilborne diseases x
Choanephora sp. xx
Colletotrichum sp. X
Fusarium X

%) x = noor minot damage; XX = severe damage.
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and rust, but could nevertheless be used as an alternative to chlorothalonil.

Adequate leaf spot and rust control lengthened the life span of the leaves;
when harvested, plants still had all their leaves. The groundnut cultivar Matjan
required 105-115 days to reach harvest maturity (75 per cent of pods mature).

When diseases were properly controlled, 3 t ha™' was a normal yield, but yields
of 5 t ha™ were obtained with Matjan if leafhopper was also controlled and
harvest was 15 weeks after planting (Fig. 53). If diseases were poorly controlled
plants started shedding their lcaves much earlier. Postponement of harvest then
caused loss of yield because the pegs broke when lifting the plants (Scetion
8.3.2.4). With adequate disease control, the quality of the seed was very good.
By harvesting some days after harvest maturity, more pods reach maturity, so
increasing yield.

From these experiments it is concluded that even in the long rainy season
plants can be kept virtually free from leaf diseases. Other cultivars with a grow-
ing cycle longer than Matjan can therefore be grown successfully. As cultivars
of the runner type of groundnut can be harvested mechanically more easily than
the Spanish type Matjan, and as fungicide application by tractor-mounted
sprayer is as effective as application by knapsack sprayer, a considerable expan-
sion of the area planted to groundnut is possible.

Soilborne pathogens such as Sclerotium rolfsii were only found occasionally
in groundnut, Whether the soil properties adversely affected the survival of these
pathogens remains to be established. The use of goed quality, undamaged seed
treated with thiram, prevents losses caused by Aspergilius niger.

Cercospora leaf spot was present in mungbean but fungicide application did
not increase yields.

As a routine, soybean seed was treated with fungicides such as thiram but
the percentage emergence could nevertheless be low, Scedborne fungal diseases
seemed to be of minor importance amongst factors influencing germination,
For soybean production, control measures other than seed treatment are not
considered necessary.

Fungal diseases in cowpea were of minor importance except perhaps for Chea-
nephora sp. and saprophytic fungi that attacked ripe pods and caused loss of
quality when the crop matured during a period of little sunshine and high air
humidity. Application of captan seemed to limit the damage. Maneb, thiopha-
nate methyt (Topsin M) and copper-1l-oxide (Kocide) were less effective. As
not all pods mature simultaneously, harvesting should be scheduled for the dry
season, to ensure good quality seed. When pods are picked by hand, harvesting
should be done in two or three rounds. Anthracnose (Colletotrichum sp.) was
observed in variety trials, affecting the stems, leaves and pods of only a few
cultivars. At Coebiti, Fusarium wilt was regularly observed, killing individual
plants in various stages of development. The disease was very pronounced in
a rotation experiment where cowpea was planted four times in succession on
the same plot. At Kabo, however, monocropping of cowpea during ten cycles
in three years did not lead to this disease.
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6.7.2.3 Root and tuber crops
In cassava, leaf spot disease (Cercospora sp.) was observed, but it is not consid-
ered to be of great importance.

6.7.3 Nematodes

Plant parasitic nematodes were found in soil samples collected in the forest at
Kabo. Helicotylenchus erithringe, Peltamigratus tuci, P. holdemani, Discocrico-
nemella limitanea, ov D. glabrannularta (1), D. mauritiensis, Macroposthonia
onovensis, Paratrichodorus westindicus, P. minor, Xiphinema ensiculiferum, X. par-
italiae, X, surinamense, X, vulgare and X. cf. imambaksi were identified (P.A A,
Loof, Dept. of Nematology, Wageningen Agricultural University). Meloidogyne
larvae and Discocriconemella spp. predominated, with average numbers of 120
and 45 per dm® of soil (0-10 cm), respectively, using the Seinhorst two-Erlen-
meyer extraction technique. Saprozoic nematodes were found in comparatively
large numbers — on an average about 6500 per dm® of soil (0-10 cm). Their
numbers decreased sharply with depth and alirost no nematodes were found
below 20 cm. The average number of saprozoic nematodes in the top 20 ¢m
was about 3400 per dm’ of soil.

A study early in 1979 revealed that clearing decreased the nematode density.
Besides the plant parasitic species mentioned above, Tylenchorhynchus sp. was
now found in forest soil samples. Numbers were slightly higher on hand-cleared
land than on mechanically cleared land (Table 52). Physical influences of climate
on bare soil might have caused the nematode populations to decline and the
plant parasitic nematodes to disappear in a short time immediately after clear-
ing. Burning the felled vegetation further increased the decline.

At Coebiti a survey was carried out at about the same time as the survey
at Kabo (Table 60). The species present under annual crops at Coebiti were
not found under undisturbed forest or in cleared land at Kabo, suggesting that
they were introduced with planting material, agricultural machinery, etc. But

Table 59. Influence of clearing methods on nematode fauna composition (numbers per dm? of
the tapsoil (0-10 cm), Kabo.

Forest Clearing method

mechanical by hand

burnt not burnt burnt not burnt
Tylenchorfiynchus sp. 130 0 0 0 0
Helicotylenchus erithrinae 40 Q 0 0 0
Meloidogyne larvae 230 10 20 30 30
Criconematidae 20 0 0 L0 10
Xiphinema spp. 10 0 0 20 10
Saprozoic nematodes 4410 1320 2340 2350 3150
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Table 60. Incidence®) of plant parasitic nematodes after four occupations of the same crop. Cocbiti.

Nematode Maize Sorghum Soybean Groundnut Cowpea Mungbean
Pratylenchus Brachiurus ++ ++ + + + +

P. zeae + - + + - —
Rotylenchulus reniformis - - ++ - ++ +
Macroposthonia ornala + ++ + + + +
Meloidogyne spp. + + + + + ++

%+ + = predominant; + = present; — = not detected.

because the plots were heavily infested with weeds (mainly Eleusine indica),
Table 60 does not give an exact picture of the nematode—crop associations.

In a field experiment with groundnut, lesion nematodes, Pratylenchus bra-
chivrus, reduced pod quality by causing blueish spots. Rainfall was evenly distri-
buted over the growing season. Carbofuran, applied at planting and 3 weeks
later, controlied this pest but with bandplacement pod damage was only pre-
vented in the treated part of the soil, suggesting contact rather than systemic
action against nematodes.

6.8 Weeds

This section merely summarizes the work on the occurrence and control of
weeds, and on the competition between crops and weeds. A complete and
detailed description of this work is presented elsewhere (Everaarts, 1990).

6.8.1 First weeds

6.8.1.1 Coebiti

It is not certain whether weed species known to occur at Coebiti now, were
already present in the area before clearing and cultivation, because no relevant
information is available on the vegetation prior to clearing. Typical agricultural
weeds, however, do not occur in undisturbed rainforest. Nevertheless, some
weeds or wasteland plants may have been present in or near the Coebiti farm
area before ¢learing, as Coebiti was cleared from exploited forest; furthermore,
the opening of the Zanderij belt by the construction of a road system in the
1960s may have facilitated the entrance of plants formerly foreign to the area.
. Also some weeds or wasteland plants may have been present on nearby savannas
or on shifting cultivation plots or ruderal sites in or close to the nearby Amerin-
dian village of Bigi Poika.

Hoving (1973} reported very little weed growth in his 1972 experiments, three
years after clearing, except for some places in groundnut and mungbean plots
where several grasses appeared. No identities of weeds were given, however.
Van Muijlwijk (1974a) noted that in a 1973 groundnut experiment much trouble
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was caused by weeds, especially grasses (Digitaria spp.). Broadleaved weeds like
Physalis sp. were present but not to a serious degree. In another experiment
the same year (Van Muijlwijk, 1974b), weed occurrence was low and weed
growth consisted mainly of Berreria latifolia, and also of Physalis angulata and
Croton trinitatis (cited as C. miguelianus), In wet places Cyperaceae dominated.

Budelman & Ketelaars (1974) identified weeds at Coebiti in late 1973 or early
1974 and listed the following species: Andropogon bicornis, Borreria latifolia,
Digitaria cf. horizontalis, Euphorbia thymifolia, Lindernia crustacea, Ludwigia
erecta (cited as Jussieua erecta), Mariscus liguluris, Physalis anguluta and Verno-
nia cinerea. In a summary of research on groundnut at Coebiti in the period
December 1973 — April 1974, Van Muijlwijk (1974¢) further mentioned as weeds
Alternanthera sessilis, Portulaca oleracea and Torulinium ferax. Bink (1975)
reported on weeds in a 1974 experiment; in addition to the weeds mentioned
above he found Amaranthus dubius, Cyperus sp., Eleusine indica, Emilia sonchi-
Jolia, Euphorbia hirta, E. hypericifolia (probably E. hyssopifolia), Oldenlandia
corymbosa and Paspalum conjugatum.

The above data illustrate that even at the end of the first two years of cultiva-
tion of annual crops, a sizeable number of weed species known from other agri-
cultural areas in Suriname (Dirven, 1968; Dumas & Ausan, 1378a; Segeren et
al., 1984) was already present in the Coebiti fields. More species may have been
present but gone unnoticed or unmentioned. The immediate planting and estab-
lishment of kudzu (Pueraria phaseoloides) probably hampered the spread of
weeds after clearing, but once cultivation started their occurrence probably
increascd rapidly.

In later years other reports appeared in which weed species occurring in field
trials were mentioned (Muileboom-Muffels, 1975; Van de Weg, 1975; Van de
Wall, 1975; Bink, 1976; Van der Sar & Vermaat, 1978}, and the weed flora at
Coebiti was also surveyed (Van Grootveld, 1979; Kloos, 1980; Segeren et al.,
1984).

6.8.1.2 Kabo

Before clearing, the vegetation of the Kabo area was surveyed (Section 4.1).
Only a few herbaceous plants were encountered. No species known as weeds
were found. To establish the presence of weed seeds in the soil, a number of
samples of litter plus topsoil were taken and laid out for germination and identifi-
cation of seedlings. Only one genus, Cecropia (Moraceae), a well known tree
species of secondary forest growth, could be identified with certainty.

One of the first species at Kabo after clearing was Digitaria horizonialis. In
1979, Van Grootveld mentioned the grasses Digitaria horizonsalis, Echinochloa
colonum and Eleusine indica and the sedge Fimbristylis littoralis (cited as F, milia-
cea) as species of spotwise occurrence all over Kabo before soil preparation
for the cultivation of crops had started. Furthermore, under the same conditions
he recorded solitary plants (often only one specimen in Kabo) of Amaranthus
dubius, Borreria laevis, Conyza canadensis, Isotoma longiflora (cited as Laurentia
longiffora), Ludwigia erecta (cited as Jussieua erecta) and Oldenlandia corym-
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bosa. Of these six species C. canadensis and I. longiffora have never since been
found at Kabo, and these names are suspected to represent misidentified speci-
mens of Conyza bonariensis and Erechtites hieracifolia, respectively, whereas
archive material at CELOS makes it likely that B. laevis was actually Borreria
latifolia. A few months later Van Grootveld (1979} observed hardly any change,
except for an increased number of sedges, now also including Cyperus rotundus.
Like at Coebiti, herbaceous wasteland plants and weeds seem to have established
quickly, because in 1980, two years after clearing staried, Kloos (1980) reported
about 46 such species for Kabo.

These results show that somehow many weed and wasteland plant species
arrived and established, once this site was subjected to clearing and agricultural
practices.

6.8.2 Weed invasion

Table 61 presents some selected weeds of the Coastal Plain which have also
been found at Coebiti and Kabo.

None of the species mentioned have their natural habitat in the rainforest.
Some may have come from ruderal sites or shifting cultivation plots in the Zan-

Table 61. Some crop weeds known from the coastal plain of Suriname that are alse found at Coebiti
and Kabo (Dirven, 1968; Dumas & Ausan, 1978a; Kloos, 1980).

AMARANTHACEAE GRAMINEAE
Alternanthera sessillis (L.) R.Br, Cenchrus echinatus L,
Amaranthus dubius Mart. Cynodon daceyion (L.) Pers.
Digitaria horizontalis Willd.
COMPOSITAE Elpusine indica (L.) Gaertn,
Eclipta prostata (L) L. Echinochioa colonum (L.} Link
{ Eclipta atha (L.) Hassk.)
Emilia sonchifolia (L.) DC. ) ONAGRACEAE
Vernonia cinerea (L.) Less, Ludwigia hyssopifolia (G. Don) Excll
(Jussieua linifolia Yahl)
CYPERACEAE Ludwigia octovaivis (Tacq) Raven
Cyperus luzulae Retz. {Jussieua suffruticosa L.)
Cyperus rotundus L.
Mouriscus ligularis Urb. PORTULACACEAE
(Cyperus liguluris L.) Porrulaca oleracea L.
Torulinium ferax Urb.
(Cyperus ferax L.C. Rich.) RUBIACEAE
Borreria latifolia (Aubl) Schum.
EUPHORBIACEAE
Croton hirtus L'Herit, SCROPHULARIACEAE
Croton trinitatis Millsp. Lindernia crustacea (L) F.v.M.
(Croton miquelianus L.) Scoparia dulcis L.
Euphorbia heterophylia L.
Euphorbia hirta L, SOLANACEAE
Phyllanthus amarus Schumach. et Thonn. Physalis angulata L.

Phyllanthus urinaria L.
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derij belt itself, but it is more likely that the majority came from outside the
Zanderij area, Dispersal of seeds by birds, wind or migration along the roadsides
may have been a possibility for some species, but given the distances involved,
cannot have contributed much.

The majority of species most probably arrived as seeds or plant fragments
adhering to equipment, footwear or clothes. Seeds or plant parts may also have
been brought in with impure crop seeds, used jute bags or planting material.
Agricultural machinery that had been used in the experimental fields of CELOS,
near Paramaribo, was frequently transported to Coebiti, and weed and waste-
land species may have come along. For the mulch tillage experiment (Section
6.3.2), mulch material harvested from CELOS fields was carried to Coebiti.
Later, regular traffic and exchange of equipment between Coebiti and Kabo
probably contributed to the rapid build-up of the weed and wasteland flora
at Kabo.

Sanitary measures such as the use of clean crop seeds, clean planting material
and prevention of dispersal through adherence to people or objects are necessary
to prevent the further spread of weeds, especially of noxious species such as
Cyperus rotundus.

Factors such as soil type, soil fertility and herbicide use, which may influence
the occurrence of weeds and wasteland plants in the field and at ruderal sites,
have been dealt with briefly by Van Grootveld (1979) and Kloos (1980), while
Van der Sar (1976) mentioned effects of soil tillage on weed growth.

6.8.3 Weed control

6.8.3.1 Research

Weed control experiments were carried out at Coebiti only. Bink (1975) studied
the effects of leaf spot (Cercospora spp.} control, fertilizer application and
removing weeds from plant rows on the yield of groundnut. Cercospora control
and Fertilizers significantly increased yiclds, but weeding had no effect on yield.
In ficlds where Cercospora was controlled, however, weed dry weight was about
one-third of that on ficlds without Cercospora control; this was attributed pri-
marily to the better closed crop canopy. Fertilizers did not affect the amount
of weeds. Removal of weeds from plant rows 34 days after planting reduced
the amount of weeds at harvest time by 50 per cent. Cercospora control, fertiliza-
tion, and weeding together reduced weed growth to one-sixth of that of the non-
treated plots. The results of this trial indicated the importance of a healthy crop
to compete with weeds.

In 1975, pre-emergence application of three different herbicides with or with-
out hilling was studied for effects on yicld and weed growth (Muileboom-Muf-
fels, 1975). The herbicides were prometryne (rate of a.i.: 1.25 kg ha'), diphena-
mid {5.60 kg ha'} and paraquat (0.5 per cent Gramoxone solution), the latter
with one additional hand-weeding. A slightly beneficial effect of prometryne
in combination with hilling was found, but no other significant yield differences.
Hilling significantly reduced weed growth between but not in the rows.
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Van der Sar (1976) noticed that weed growth was poorest on ploughed plots
and strongest on minimum-tillage plots and intermediate in rotavated plots.

Weeding in maize, sorghum, soybean and groundnut significantly increased
yields in two experiments (Van der Sar & Vermaat, 1978). The early maturing
crop mungbean did not show clear effects of weeding on yields, whereas cowpea,
another crop of comparatively short duration, benefited most when weeding
was carried out only once (a second weeding resulted in lower yields because
of damage to the crop). Because of a more closed canopy leguminous crops
were generally more competitive with weeds than maize and sorghum.

As mechanical weed control, sometimes in combination with the use of para-
quat, became more and more ineffective to control weed growth, the possible
use of other herbicides was studied. In one study atrazine at a rate of a.i. of
2.8 kg ha™! proved safe to use in maize, whether applied four days before plant-
ing, with or without soil incorporation, or pre-emergence. When applied at the
same rate and in the same ways in sorghum, however, this herbicide adversely
affected emergence, irrespective of how it was applied, and it depressed yield
of the crop when applied before planting without soil incorporation. Legumi-
nous crops sown at the observation site after harvest showed no signs of damage
from atrazine residues.

Another trial was carried out, in which pre-emergence applications of atrazine
at rates of a.i. 0f 0.4, 0.8, 1.2 and 1.6 kg ha! were compared with no weeding
and hand-weeding up to nine weeks after planting. Hand-weeding up to nine
weeks resulted in highest yiclds. No adverse effects were observed on emergence
or on crop development, but weed growth was insuffciently controlled at any
pre-emergence concentration of atrazine. From a third study, in which pre-emer-
gence applications of atrazine, with or without additional hand-weeding were
compared with post-emergence applications it was concluded that atrazine in
sorghum could probably best be applied post-emergence at a rate of a.i. of
1 kg ha”, about one week after sowing. No conclusion could be drawn about
the optimum rate.

Alachlor at a rate of a.i. of 2.16 kg ha!, either applied pre-planting, with
or without soil incorporation, or pre-emergence, did not produce visible signs
of damage to groundnut, soybean, cassava and mungbean. When applied pre-
emergence in cowpea it caused initial growth retardation, not resulting in yield
loss. Weed growth in this trial was low and seemed to be controlled satisfactorily
however the alachlor was applied.

In the trials on no tillage or minimum tillage (Section 6.3.2) in maize, compar-
ing direct sowing (no tillage), and sowing in 0.10 m wide, 0.06 m deep rotavated
strips (minimum tiltage), the tillage system had no effect on weed density six
weeks after sowing, but weed weight at harvest was higher with direct sowing,
The method of sowing did not affect plant population or yield. In this study
the pre-emergence application of herbicide mixtures of atrazine, simazine and
paraquat, and of atrazine, alachlor and glyphosate, gave lower weed weights
at harvest and higher maize yields than mixtures of atrazine and paraquat, and
of atrazine, alachlor and paraquat.
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In the last years of the project, research was initiated on the critical period
for weed control, and on the ecology of the weeds in relation to the agricultural
practices. The outcomes of this work leading to a better understanding of crop—
weed relationships and indicating weed control methods other than by chemicals
are presented elsewhere (Everaarts, 1990),

6.8.3.2 Control practices

In the early experiments at Coebiti the weed control was mainly hand-weeding
with either a hoe or a Dutch hoe. Mechanical hoeing and rotavating and hilling
in groundnut were also tried. Sometimes herbicides — mainly paraquat ~ were
used.

Gradually the emphasis shifted wholly to chemical weed control, consisting
of post-planting spraying of alachlor at a rate of a.i. of 2.4 kg ha™! in cassava
and pre-emergence application of alachlor at the same rate in groundnut, soy-
bean, cowpea, mungbean and maize. When maize was cultivated after ground-
nut, the application of alachlor was followed by an application of atrazine (2.5
kg ha™), 10 to 14 days after emergence, primarily to control volunteer ground-
nut. Weeds in sorghum were controlled by application of atrazine (2.5 kg ha™'),
10 to 14 days afier emergence. Paraquat (0.4 kg ha™") as a pre-emergence applica-
tion was used in combination with the herbicides mentioned when no-tillage
or minimum tillage plots were sprayed. A spray volume of 400 1 water per ha
was recommended.

Except for some Euphorbiaceous weeds, overall weed control with these her-
bicide regimes was generally satisfactory. Nevertheless, under certain condi-
tions, such as excessive rainfall immediately after application, the effectiveness
of the herbicides was reduced, sometimes necessitating supplementary hand-
weeding. Mowing and disc-harrowing of the fallow vegetation remained essen-
tial, to reduce the regrowth of weeds, especially where grasses or creeping-root-
ing weeds dominated. Weeds like Cyperus rotundus continued to pose problems.
The rates and types of herbicides recommended were only partly based on local
studies. The same control could possibly be achieved by using lower dosages
of the same or other herbicides, either singly or in combination, with a different
timing of application.

Wageningen Agric. Univ. Papers 90-5 { 1990) 119



7 Crops

Most research at Coebiti and Kabo focused on the food crops maize, sorghum,
soybean, groundnut, cowpea, mungbean and cassava. Cassava, maize and
groundnut are known from shifting cultivator plots in the Zanderij area; soy-
bean, cowpea and mungbean are grown to a limited extent in the coastal area,
whereas sorghum was included as a possible alternative cereal for seasons with
less reliable rainfall. Other food crops that were studied incidentally include
sweet potato and pigeon pea.

With a view to developing management technology for the Zanderij soils,
mulch and green manure crops were also studied. At the end of the project
grasses and forage legumes were included in the research programme: for the
results, which are not included in this report, the reader is referred to Brandon-
Van Steyn & Simons (1983).

The seven main crops will be discussed below individually in terms of varietal
selection, yields, planting date, density and spacing, and production potential.
Unless specified otherwise, standard cultivation practices were followed. These
depended on knowledge available at the time. They might differ from the prac-
tices recommended in the sections on production potential, which take into
account all that was lecarnt during the project and are based on the assumption
that the fertility of the soil is in a steady state. The latter implies the following
characteristics: pH(H,O) about 5.5, P-Bray-1 15 mg kg, exch. K 0.7 mmol kg,
ionic equivalents of exch. Mg 2.0 mmol kg,

7.1 Cereals
7.1.1 Maize (Zea mays)

7.1.1.1 Varietal selection

The locally grown land varieties are relatively tall, very heterogeneous and have
alow production capacity. Average grain yiclds are about 1200 kg ha“'. Breeding
work carried out in the 1960s led to the selection of six varietics (Van Marrewijk,
1979). CS1, CS2 and CS83, selected under coastal conditions, were derived from
a local land variety. The synthetic varieties SR1, SR2 and SR3, composed of
imported and locally developed inbred lines selected under both coastal and
Coebiti conditions, were an improvement over the land variety. In comparative
yield trials with Pioneer hybrids, the local selections yielded almost as much
as the hybrids, but the plants were taller, bearing on average somewhat more
{but smaller) ears higher on their stems. At Coebiti the local selections and the
tropical hybrids yielded consistently less than in the coastal area, This can be
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ascribed to the low pH, the low nutrient availability and the easily occurring
moisture stress in the sandy loam soils at Coebiti. The scarch for better adapted
maize varieties was therefore continued. In the period 1978-80 several open-
pollinated varieties were introduced, most of them from CIMMYT, Mexico
{Appendix 5). The low fertility and high acidity of the soils concerned was
stressed in the requests for this material. Though CIMMYT’s breeding pro-
gramme does not specifically cover this particular problem, their international
network of trials does enable them to indicate varieties that may be adapted
to such conditions,

The material was compared in a number of yield trials, some of them including
one of the local selections. All varieties matured in about 15 weeks, tasselling
taking place about 8 weeks after planting. Virtually all introductions outyielded
the local selections. The overall yield level was about 4 t ha™' (Table 62). There
were no great differences in yield between varieties or between trials, suggesting
that there is an overriding factor limiting maize yields on the Zanderij soils.
Some introductions were consistently ranked among the best yielders but no
single variety appeared particularly adapted. Trials with the same CIMMYT
varieties carricd out in the coastal area gave yields that on average were more
than 50 per cent higher than those obtained at Coebiti (Lata, 1979), again indi-
cating a soil-related rather than a climate-related constraint. Therefore, it can
hardly be expected that the yield level of maize in the Zanderij area can be raised
through the use of other genotypes.

7.1.1.2 Yields

The grain yields obtained in the many field trials carried out at Coebiti and
Kabo since 1972 ranged from 0.02 to 5.40 t ha™! with an average of 2.78 t ha“l.
Fig. 54 refers to the same trials as Curve C in Fig 20, but in Fig. 54 the data

Table 62. Maize. Yiclds (t ha™') of the best four entries in six comparative
yield trials (1972-1981).

Entry Yield Entry Yield
X352 137 Amarillo Dentado 5.00
X105A 331 Mezcla Tropical Blanca  4.54
X304A 318 Tuxpefio Caribe | 4.40
X304B 3.18 Mezcla Amarilla 429
Cotaxtla 7429 3.9} Across 7728 4.39
CMS 14 381 Sete Lagoas 7728 4.39
Poza Rica 7528 3.66 Ludhizna 7528 4.19
CMS 04 163 CMS04 4.28
Across 7726 442 Across 7728 4.77
Pool 26 4.26 Sete Lagoas 4.56
CMS 04 417 CMS504 4.45
La Maquina 7827 414 Across 7726 4.19
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Fig. 54. Frequency distribution of experimenial maize yiclds under current cultural practices.
1972-1982.

have not been ordered according to planting time. The variety trials are repre-
sented by the average of the best four entries, For the other field trials only
the yield for the treatment representing current cultural practices {Section 6.1.2)
was included; the yields obtained with fow or high fertilizer levels, irrigation,
orsoil tillage other than ploughing have been excluded. A production level above
4 t ha™ was obtained in about 22 per cent of the trials; only six times did the
yield exceed 5t ha™'. As shown in Section 6.1, some of the low vields can be
explained by an unfavourable rainfall distribution during the growing season.
The average vield for maize grown during the long rainy season was 3.37 t ha™
(n =38), as against 2.41 t ha™' (n = 47) for the remainder of the year. But even
in the long rainy season vields aslow as 1.17 t ha™ have been recorded, indicating
limitations other than drought stress.

In Section 6.6.2 it was shown that much higher yields, up to 6.5t ha’', can
be obtained when maize is planted in April and fertilizer nitrogen is split-applied,
at a total rate of 250 kg ha™',

7.1.1.3 Plant density and spacing

In the earlier trials, maize was planted at 90 x 30 ¢m or about 37 000 plants
ha'. With the introduction of CIMMYT varieties, row distance was reduced
to 75 cm and plant distance in the row to 25 or 20 cm, corresponding with densi-
ties of about 53 000 or 66 000 plants ha™', respectively.

The effects of plant density on yield and yield components were studied with
the CIMMYT variety Cotaxtla at Coebiti in the planting-date experiment dis-
cussed in Section 6.1. The trial was of a systematic design based on an arrange-
ment of plants in squares.

Grain yields per hectare increased with density when moisture was not limit-
ing, but with an inadequate moisture supply the yields decreased with increasing
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Fig. 55. Maize yields per ha (left) and maize yields per plant (right) in relation to plant density
and planting date. Cocbiti.

density (Fig. 55, left). Yiclds per plant decreased with increasing density, irre-
spective of the planting date (Fig. 55, right). The higher densities were accompa-
nied by a higher percentage of lodged plants.

The differences in yield per ptant were mainly the result of differences in ear
size, though the mean number of ears per plant also decreased with increasing
density {Table 63A). Only at very low densities did this number exceed one;
at normal densities there were always barren plants,

In a second density experiment at Coebiti using a randomized block design,
grain yield varied little with density, but ¢ar weight, number of ears per plant
and 1000-grain mass decreased, whereas lodging increased with increasing den-
sity (Table 63B). The trial was carried out during the long rainy season — there
were no periods with drought stress. The percentage lodging was exceptionally
high because of the unusually strong winds accompanying heavy rainfall shortly
before harvesting. The lodged plants were included in the harvest; with combine
harvesting most of them would have been lost (cf. Section 8.3.2.1).

In conclusion, at row distances of 75 cm there is little justification in using
plant distances of less than 25 ¢cm in the row.

7.1.1.4 Production potential

Around 1980 maize production in Suriname was limited to 183 ha (Table 1).
Maize is mainly grown as a catch crop on recently cleared land and on shifting
cultivator plots. In the coastal area it is grown in backyards or as a second crop
after rice. Most maize is consumed as a vegetable, Little is grown for the dry
grain, notwithstanding the substantial annual imports of maize for animal feed,
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Table 63. A. Maize cv. Cotaxtla. Number of ears per 100 plants as alfected
by plant density and planting date. B. Maize cv. CMS 04. Yield and yicld
characteristics as affected by plant density.

A Plants per ha
Planting date (1978) 20000 49000 70000 100000
15 June 115 97 92 80
30 June 121 103 95 94
14 July 117 97 21 83

| Auvgusi 58 22 12 9
[5 August 99 68 72 78
B Plants per ha
Characteristic 42300 50000 59500 76200
yicld, tha™ 430 5.01 5.08 494
ear mass, g 120 108 93 81
ears per 100 plants 96 94 9l 81
1000-grain mass, g k)| 312 302 293
lodged plants, per cent 25 23 32 35

which in 1979 amounted to 32 000 tonnes {Anon., 1981).

The main limitations to maize production in the Zanderij area are related
to climatic, nutritional, disease and insect stress, The relatively short days and
the high night temperatures reduce the amount of carbohydrates available for
grain filling. This is accentuated by a rapid dying of the leaves after silking,
resulting in a quick decline of the lcaf area index. The often poor root distribu-
tion because of subsoil acidity and compaction easily leads to moisture stress
and to lodging in the case of tall cultivars. Moisture stress can best be avoided
by planting in April.

Table 64 summarizes the recommended cultural practices. They were derived
from this section and from the various subsections of Section 6. The recommend-
ed fertilizer rates hold only if the soil has the abovementioned values: 15 mg
kgt for P-Bray-1, 0.7 mmol kg for exchangeable K and 2.0 mmol kg ' (ionic
equivalents) for exchangeable Mg, It is assumed that with the chosen combina-
tion of target yield and fertilizer applications the values of the soil fertility indices
do not change, so that there is a steady-state situation as far as soil fertility
is concerned. Yields higher than 4.5 tonnes might be obtained under favourable
moisture conditions (Section 6.6.2), but relatively high fertilizer application rates
are required for such an additional yield.

7.1.2 Sorghum (Sorghum bicolor)

7.1.2.1 Cultural practices
In the experimental work the US cultivar Martin obtained from the Suriname
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Table 64. Recommended cultural practices for maize growing. Target grain yield 154.5¢ ha .

Planting time April
Plant density, ha™! 50000; 18 kg seed
Cultivars from CIMMYT
Soil tillage ploughing 25 cm, and harrowing
Crap protection measures not renumerative, bul if necessary one application of monocro-
tophos; 0.51 per ha
Weed control pre-emergence aluchlor; 2.4 kga.i. per ha
post-emergence atrazine, 2.5 kg a.i. per ha¥)
Optimum pH (H,0)") 5.0-5.6
Fertilizer rates®), kg ha™
N 2 x 85; at planting and 4 weeks later
P 40, at planting
K . 2 x 50, a1 planting and 4 weeks later
Mg 30, at planting

%) Only if maize is cultivated afier groundnut,

b) To maintain this pH, CaCO, should be applied annually at a rate of 1 ¢ ha™!, preferably before
the short rainy season and before plunting groundnut or soybean.

%) Per tonne of extra yield above 4.5 t ha™, additional rates of fertilizer nutrients are: 50, 20, 40,
50 kg ha! of N, P, K and Mg, respectively.

Agricultural Experiment Station, and the cultivar 1S 2743, originating from
ICRISAT, India, were used. It is not known whether they are Al-tolerant. Both
cultivars are of the semi-dwarf type and have a growing cycle of about 100 days.
Tall cultivars were not considered, as they are unsuitable for mechanized har-
vesting,

In all experiments sorghum was planted in rows 50 ¢cm apart. When hand-
sown the seeds were putin hills 15 cm apart, 3 seeds per hill, followed by thinning
to one plant per hill 10 to 14 days after emergence. With mechanized sowing,
the planter was adjusted to 10 cm in the row which — depending on the percentage
of emergence — normally resulted in plant distances of between 15 and 12 cm,
corresponding to about 133000 — 167000 plants ha™'. No density or spacing
experiments were conductied.

7.1.2.2 Yields and planting date

The yields recorded in the period 1972-82 in the various experiments are pre-
sented in Fig. 56. This comprises all yields obtained with the current cultural
practices, irrespective of planting date or cultivar used. The yields ranged from
0.28 to 4.19 t ha', with an average of 1.99 t ha™. In 34 per cent of the cases
yields were higher than 2.5 t ha™!, and in over 40 per cent they were less than
1.5tha™'. Yields above 3 t ha™' were recorded four times.

Many of these low yields were explained by soil moisture shortage; others
were ascribed to thin stands or unfavourable weather at the time of harvesting.
Sorghum was mostly planted either in the second half of the long rainy season
or at the beginning of the short rainy season so that the crop ripened during
a dry period. The long rainy season is considered unsuitable, because of too
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Fig. 56. Frequency distribution of experimental sorghum yields under current cultural practices.
1972-1982.

great a risk of unfavourable weather when the grain matures. Ripening sorghum
is extremely susceptible to grain moulds, which can cause complete crop failures
{Section 6.7.2.1). As shown in Fig. 21 (Scction 6.1.2), plantings in the period
October-December gave highest yields. Generally, rainfall is evenly distributed
then and weather is dry during ripening. Planting in July, i.e. in the second half
of the long rainy season, often meets with prolonged dry spells that coincide
with anthesis when sorghum is most sensitive to water shortages.

As there are no data from systematic experiments on planting date and the
data from the various plantings made throughout the years are rather few and
poorly distributed it is impossible to draw firm conclusions on production as
affected by planting date and growing season.

7.1.2.3 Production potential

In Suriname sorghum is not grown by local farmers. The crop was included
in the project to have a second cereal apart from maize, and because of its
drought tolerance. The latter was thought to be an important characteristic in
view of the erratic rainfall outside the long rainy season, and the low water-
holding capacity of the soils concerned. As toits utilization, sorghum grain could
at least partly replace maize in animal feed mixtures.

The most important factors limiting sorghum production on the Zanderij soils
are related to climatic and disease stress. The humid climate is conducive to
fungal leaf diseases that result in leafloss and incomplete grain filling. The young
grains are readily attacked by various fungi under cloudy humid conditions dur-
ing grain filling and ripening stages. The low water-holding capacity of the soils
and the shallow rooting quickly lead to drought stress, if sorghum is grown
in a scason with erratic rainfall. Generally there is little trouble from insect pests.
In small plots bird damage can be relatively serious but since there are no typical
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Table 65. Recommended cultural practices for sorghum growing. Target grain
yieldis 3.5tha L,

Planting time November
Plant density, ha™! 150 000; 5 kg sced
Cultivars semi-dwarf types
Soil tillage ploughing 25 cm, and harrowing
Crop protection measures avoid humid conditions during ripening
Weed control pre-emergence alachlor; 2.4 kg a.i. per ha
Optimum pH (H,0)"} 50-5.6
Fertilizer rates, kg ha™!
N 2 x 70; at planting and 4 wecks later
P 20, a1 planting
K 2 x 40, at planting and 4 wecks later
Mg . 0

#}To maintain the indicated pH, CaCO; should be applied annually at a rate
of 1 tha™, preferably before the short rainy season and before planting ground-
nut or soybean,

migratory birds in Suriname, bird damage is not expected to become a problem
when sorghum is grown on a large scale.

Table 65 summarizes the recommended cultural practices, as derived from
this and other sections. The target yield and fertilizer rates mentioned refer to
steady-state conditions as far as soil fertility is concerned. If no experimental
data for sorghum were available, the recommendations were formulated by com-
paring the situation with maize. Although higher yields might be obtained with
higher fertilizer rates, such extra inputs are not recommended because of the
high risk of crop losses.

7.2 Legumes
7.2.1 Soybean (Glycine max)

7.2.1.1 Varietal selection
The traditional soybean cultivars of the coastal arca are Laris and Vada, both
introduced from Java in the late 1940s. Laris branches profusely, tends to lodge
if vegetative growth is stimulated, and shatters its seeds upon maturity. Vada
does not have these disadvantages, but when the crop matures during a rainy
period its white seeds appear to be more sensitive to fungal attacks and staining
than the small black seeds of Laris. This may explain the popularity of Laris,
The first cultivar introduced for the Zanderij soils, Jupiter, has been developed
specially for the tropics and performed well in comparative yield experiments
on the infertile, acid soils of the Intermediate Savannas of Guyana (Hinson,
1972). Initial results on the Zanderij soils were disappointing. In a non-replicated
observation plot planted during the short rainy season (1972) it yielded 0.33
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compared with up to 1.20 t ha! for Vada under comparable conditions. From
1977 onwards cultivars and lines were received from the International Institute
of Tropical Agriculture (IITA), Nigeria, the Asian Vegetable Research and De-
velopment Centre (AVRDC), Taiwan, the International Soybean Program
{INTSOY) of the University of Illinois, USA, and from the Instituto Nacional
de Pesquisas de Amazonia (INPA), Brazil (Appendix 5).

A main problem was the sensitivity to daylength. The AVRDC lines and many
of the other introductions proved to be not adapted to the prevailing short days.
Plants flowered early, remained small and produced few seeds. The short plants
invariably formed terminal inflorescences at an early growth stage, thus making
further stem elongation impossible. Only a few introductions attained a plant
height similar to that of the local cultivars Laris and Vada.

A number of comparative yield trials were carried out with the plant material
from INTSOY and IITA (Table 66). Yield and plant height varied from experi-
ment to experiment; this may reflect the seasonal variations in daylength and
maoisture conditions. Some of these trials were planted in the short rainy season,
others in the second half of the long rainy season. Based on the results obtained,
5J-2, UFV-1 (BP-2), ICA L-215, Jupiter and Vada were selected for further
testing. Jupiter was used in almost all the experiments with soybean,

Variability in Jupiter entry no. 77018 offered the possibility of selecting a
number of pregenies differing in height from the original plant type. In soybean,
plant height often positively correlates with yield, so that taller plants could
mean a higher production potential. Comparisons during three successive sea-
sons (Table 67) showed that on average the selections yielded more than the
original cultivar. The differences were more pronounced in the short rainy sea-
son than in the second half of the long rainy season. The days being shortest

Table 66. Soybean. Yields (t ha ') and plant height (cm) of the best four entries in five comparative
yield trials (1977-1981). From Fung Kon Sang & Wienk (1981).

Entry Yield Height  Entry Yicld Height
Jupiter 2.48 67 Bossier 1.90 50
Laris [.93 84 TGm 294-4-2371 1.80 50
TGm 210-1-2363 1.74 37 TGm 260-2-2-4292 1.53 4
TGm 210-1-2205 1.69 44 TGm 249-3 1.30 36
8J-2 1.22 50 ICAL-215 2.58 76
Impr. Pelican 1.18 47 Vada 2.41 85
UFV-1{BP-2) 1.11 53 SJ-2 237 53
Jupiter 0.81 7 IGH-24 232 53
§J-2 172 71

UFV-1(BP-2) 172 79

IGH-24 1.65 80

Vada 1.51 97
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Table 67. Soybean. Yields (t ha™') of ten lines selected from the cv,
Jupiter (Entry no. 77018) compared with the original population
during three successive seasons.

Entry Seasons?) Meaun yield
1 2 3 t ha™ %

77018-12 170 1.59 2.60 263 175
-25 2.00 1.76 344 2.40 160
=21 245 .61 2.73 2.26 151
-49 2.08 1.77 2.76 2.20 147
-2 - 1.65 2.67 2.16 144
-28 2.30 1.31 2.62 2.08 139
-57 220 1.32 265 205 137
-61 1.88 1.21 2.86 1.98 132
-64 1.57 1.31 2.10 1.66 . 111
237 1.66 0.79 2.07 1.50 100

77018 1.39 1.23 1.87 1.50 100

#)1 = Dec. 1980-March 1981; 2 = June-Sept. 1981,
3 = Dec. 1981-March 1982,

in December, this difference cannot be ascribed to daylength, and must be the
result of unfavourable moisture conditions in the second sowing, Further evalu-
ation of the best lines is required before any definite selection can be made.

7.2.1.2 Yields

Experimental yields ranged from 0.34 to 4.01 t ha™?, with an average (n = 40)
of 1.71 tha™' (Fig. 57). Again, only the yiclds obtained with the standard methods
have been included; from the variety trials only the highest yield was included.

The yields rarely exceeded 3 t ha'; in more than 55 per cent of the cases the
yield was below 2 t ha™!, whereas one-third of the yields were between 2.0 and
2.5tha™.

The yields obtained leave sufficient room for improvement. On the other hand
they compare favourably with experimental yields obtained in the period
1949-59 in the coastal area (Ter Horst, 1961). In Section 6.1.2 and Fig. 21 it
was shown that soybean yielded best when sown in April-May or in October-
December, indicating that moisture stress is a severe cause of low yields. For
more details the reader is referred to Sections 6.2.2 and 6.6.1.

7.2.1.3 Plant density and spacing

Soybean was planted in rows 50 cm apart, and a plant spacing of 15 cm was
aimed at in the row., When hand-sown, the hills were spaced 10-15 cm apart,
3 seeds per hill. About 2 weeks after emergence the stand was thinned to one
plant per hill thus resulting in a plant density of about 133 000 plants per hectare.
With mechanized sowing, the planter was adjusted to 6 cm in the row, the short-
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Fig. 57. Frequency disiribution of experimental soybean yields under current cultural practices.
[972-1982.

est distance possible. Emergence percentage of soybean seed generally being very
low, this resulted in plant distances between 15 and 12 ¢m, corresponding with
133000 - 167000 plants ha™'.

Increasing plant distance in the row from 10 to 20 em had no statistically
significant (P = 0.05) effect on yicld but the number of pods per plant increased,
whereas plant height showed the opposite response (Table 68). The taller Vada
responded more strongly than the shorter Jupiter.

Table 68. Soybean. Performance of the cvs Jupiter and Vada as affected by plant distance in rows
50 cm apart.

Cultivar and crop parameters Planting Plant distance, cm

date®)

10 15 20

Jupiter
yield, tha™! 1 217 2.18 2.30

2 1.66 1.38 1.52
plant height, cm 1 62 56 55

2 49 48 49
pods per plant 1 36 43 61

2 37 57 59
Vada
yield, tha™ 1 1.30 1.17 1.60

2 1.15 1.02 1.08
plant height, cm i i30 120 107

2 94 95 85
pods per plant t 50 65 100

2 4 55 70

)1 = Dec. 1981; 2 = June 1982,
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7.2.1.4 Production potential

Soybean is grown in the coastal area, almost exclusively by small farmers of
Javanese origin. In statistics on production the crop is classified together with
cowpea and mungbean as ‘other grain legumes’, so no separate data are available
on its area or production. In the period 1950-58 an average of approximately
75 ha was sown to soybean every year (Ter Horst, 1961). This area has probably
since decreased. Soybean is grown for its dry seeds which are utilized for the
preparation of various special food products such as bean sprouts, soya sauce,
soya cheese and soya cake. The soybean products used in locally composed ani-
mal feed mixtures are imported, but ro data are available on the guantities
involved.

There are no serious diseases or pests that limit soybean production on the
Zanderij soils. The most important production constraints are the low soil fertili-
ty, the often uneven moisture supply and the unreliable weather during the dry
season. Soybean is very susceptible to drought during the pod-filling stage and
requires more soil moisture for germination than most other crops. Excessive
rainfall during ripening accompanied by little sunshine and high air humidity
quickly leads to seed deterioration and sometimes even to germination in the
pods, resulting in substantial vield losses. Black-seeded cultivars seem less sus-
ceptible than the white-seeded ones. The quality of soybean seed material is
another important limiting factor. The seeds quickly lose their viability in stor-
age. Thisis aggravated by adverse weather conditions during ripening,

Table 69 summarizes the recommended cultural practices, as derived from
this and other sections. As with maize and sorghum, a steady state as regards
soil fertility is aimed at. There is no clear experimental evidence that yields will
substantially increase if fertilizer rates are higher than recommended.

Table 69, Recommended cultural practices for soybean growing. Target seed yield is 2.5 tha™!.

Planting time April or November
Plant density, ha™' 150 000; 40 kg seed
Cultivars §1-2, Jupiter, Vada, UFV-t (BP-2) and ICA L-215
Inoculum, kg ha™! 12; granular, specific: combined with planting
Soil tillage ploughing 25 cm, and harrowing
Crop protection measures seed treatment with thiram
Weed control pre-emergence alachlor, 2.4 kga.i. per ha
Optimum pH (H-O)") 52-60
Fertilizer rates, kg ha™

N none

P 40, at planting

K 2 x 60, at planting and 4 wecks later

Mg 15, at planting

* To maintain the indicated pH, CaCO; should be applied annualty at a rate of 1 tha™', preferably
before the short rainy season and before planting groundnut or soybean.
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7.2.2 Groundnut (Arachis hypogaea)

7.2.2.1 Varietal selection

The local cultivars are of the Spanish type. Compared with other Spanish type
cultivars, the recommended cultivar Matjan, introduced from Java in 1950, has
large leaves and fairly large seeds. The cultivar is susceptible to leaf spot diseases
and to leaf rust, both of which can cause considerable yield losses (Section
6.7.2.2). In the absence of diseases Matjan matures in about 110 days, and is
therefore considered an early-maturing cultivar,

In the earliest experiments at Coebiti the cultivar Matjan performed well
(Wienk, 1979), better than under coastal conditions, and better than the cultivar
Altika which was developed for the acid, infertile soils of the Intermediate Savan-
nas of Guyana (Norden et al., 1972).

A number of early-maturing groundnut lines of the upright plant type were
screened for general performance under Coebiti conditions. The lines had been
sclected from an F| population introduced from Nigeria in 1979. On the basis
of yield and resistance to leaf spot diseases three lines were selected for compari-
son with the cultivar Matjan. Leaf spot diseases were controlled by spraying
regularly with Benlate (a.i. benomyl). Matjan suffered from rust much more
than the selections, and because of the resulting premature leaf fall it was
outyielded (Table 70). However, the pods of Matjan were cleaner than those
of the selections and the seeds were not mottled as with the selections. Matjan
controlled weeds better than the selections did.

Varietal comparisons with late-maturing cultivars at Coebiti were not made
until 1981 when technology was available for an adequate control of leaf spot
diseases and leaf rust. Until then such comparisons favoured the early-maturing
cultivars. The build-up of pathogens in the early-maturing cultivars towards
the end of their growing cycle nearly always led to premature harvesting of the
late-maturing cultivars and thus to low production levels, In a comparative trial
at Kabo, for instance, Matjan vielded 2.39 t ha! against 1.22 t ha™ for Altika.
No adequate control of leaf spot diseases and leaf rust was obtained in this
experiment.

In the first variety trial with adequate disease control, the early cultivars Mat-
jan and 69262-13 were compared with the late-maturing cultivars Florigiant and
Altika. Their times of ripening were synchronized by planting Altika and Flori-

Table 70. Groundnut. Performance of three selections in comparison with cv.
Matjan. From Bink (1976b).

Entry Pod yicld, t ha™! 1000-sced mass, g Shelling fraction
Magjan 290 600 0.78
69262-13 348 600 0.77
69262-29 68 600 0.78
69262-33 378 630 0.7%

132 Wageningen Agric. Univ. Pupers 90-5 (1990)



Table 71. Groundnut, Pod yields (t ha") of late and early maturing cultivars,
planted late in the long rainy season (Experiment 1) and early in the short
rainy season (Experiment 2).

Experiment Late maturing Early maturing
cultivar yield cultivar yield
1 Altika ll1e 69262-13 2.98
Florigiant 315 Matjun 2.54
2 Florigiant 337 Matjan 414

giant four weeks ahead of Matjan and 69262-13, Furadan (a.i. carbofuran) was
applied pre-planting and Bravo (a.i. chlorothalonil) was sprayed regutarly to
control insects, nematodes, leaf spot diseases and leaf rust. Altika and Florigiant
produced most and Matjan least in this experiment (Table 71). An unusually
early start of the long dry season affected the later planted cultivars more than
the cultivars sown first. The comparison was not therefore completely reliable.

In a second experiment Florigiant and Matjan were compared in combination
with different fungicide application methods. The cultivars were planted at the
same date in the short rainy season. With adequate disease control and ample
rainfall Matjan now outyielded Florigiant (Table 71).

So far Matjan has proved to be a good cultivar and there seems little reason
to replace it by another early-maturing one unless this has a much better resist-
ance o the prevailing leaf diseases. The search for adapted late-maturing culti-
vars should be continued. A longer growing cycle might offer the possibility
of planting at the beginning of the long rainy season. This would mean fewer
workability problems with soil preparation and planting (Section 8.2.2.3), and
a better use of the long rainy season, A spreading plant type would furthermore
facilitate mechanized harvesting.

7.2.2.2 Yields

The average groundnut yield in the coastal area is about 1 tonne of unshelled
nuts per ha (Ahlawat & Samlal, 1979). The pod yields obtained with the cultivar
Matjan in the various field trials since 1972 at Coebiti and Kabo varied from
0.6810 5.04 t ha™'; the average (n = 56) yield was 2.46 t ha' (Fig. 58). Thisincludes
all field trials with the standard methods irrespective of their planting date. In
25 per cent of the experiments yields exceeded 3 t ha''; yields lower than 1,5
t ha"! were obtained in nearly 20 per cent of the experiments. The low yields
can almost all be explained by drought, excessive weed growth or inadequate
disease control. The high yield of 5 t ha™' was obtained in an experiment planted
in the second half of the long rainy season, with good insect, nematode and
disease control, and adequate moisture supply. It shows that Matjan has a good
production potential and is well adapted.
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Fig. 58. Frequency distribution of experimental groundnut pod yiclds under current cultural prae-
tices. 1972-1982,

For a good quality product the planting of groundnut has to be timed such
that the crop can be harvested in a reliable dry period. The best period for har-
vesting is the long dry scason. With a growing cycle of 110 days, this would
require planting tate June — early July. Later planting increases the risk of mois-
ture shortage and often it is not possible to sow earlier because of workability
problems with soil preparation (Section 8.2.2.3).

The relationships between yields and planting date were discussed in Sections
6.1.2 and 6.1.3 and shown in Fig. 21 and Fig. 22. For the time being, it can
be concluded that the highest yields are to be obtained from plantings between
mid-May and the end of July, provided adequate crop protection measures are
taken.

7.2.2.3 Plant density and spacing
The economically optimum plant density for the cultivar Matjan under coastal
conditions was established at about 110 000 plants ha™', and a plant spacing
of 30 x 30 cm was advised (Ter Horst, 1959). In the experiments at Cocbiti a
similar density was used but the spacing was altered to 60 x 15 cm, enabling
agricultural machinery to enter the field.

Based on a density of 110000 plants ha'!, four plant arrangements were com-
pared: 60 x 15 ¢cm, 75 x 12 ¢m, 90 x 10 ¢m and the double-row arrangement
70 x (20 x 20) em. The crop, sown in the second half of the long rainy season
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of 1973, suffered from leaf spot diseases, so that only moderate yields were
obtained. The yield was highest for the 60 x 15 cm spacing. No explanation
can be provided for this rather unexpected effect, though microclimatic differ-
ences affecting the incidence of leaf spot diseases cannot be ruled out.

The effect of plant density on yield was studied in two systematic experiments
of the fan design. Ten densities based on a square arrangement of plants and
ranging from 45 200 to 250 000 plants ha ! were compared. The first experiment,
planted in the short rainy scason of 1973, was sprayed once, the second experi-
ment, planted towards the end of the long rainy season of 1974, was sprayed
every two weeks with Benlate (a.i. benomyl) against icaf spot diseases. The effect
of plant density on yicld was the same in both trials. Yicld rapidly increased
with density until about 120 000 plants ha!, whereas above 140000 plants ha!
there was hardly any yield increase (Fig. 59}). An optimum of 120000 to 140000
plants ha™' is rather low lor Spanish type cultivars, which are normally planted
at 160000 to 180000 plants ha™'. This lower optimum spacing for the cultivar
Matjan should probably be ascribed to its relatively large leaves, and its open
growth habit which is characterized by long upright branches.

In the second experiment, the yield was about 20 per cent higher than in the
first experiment; plant density appeared not to have affected this relative differ-
ence. The difference in yicld was ascribed to a better leaf spot disease control,
although a seasonal effect could not be completely excluded.

The above results were later translated into planting at 50 x 12 cm, which
at 90 per cent emergence corresponds with 150000 plants ha''. This higher den-
sity was chosen with a view to mechanized harvesting — the entangled plants

yweld.
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Fig. 59. Groundnut pod yields in relation to plant density. Experiment 1 after Van Muijiwijk
(1974), Experiment 2 afler Van de Wall (1975).
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Fig. 60. Four-close-row planting system for groundnut based on wheel tracks 200 em apart.

facilitate lifting and inverting. The row distance of 50 cm was based on a normali-
zation of 25 cm.

In 1982 a groundnut harvester was introduced and this led to a controlled-
traffic system and related planting pattern (Fig. 60). The groundnut is planted
in rows on 2 m wide soil beds formed between tractor wheels. The spraying
and harvesting equipment also uses the wheel tracks, thus confining soil compac-
tion and reducing crop damage and harvesting losses. The soil area lost to the
wheel tracks is compensated for by narrower row spacings.

7.2.24 Production potential

Groundnut is predominantly a crop of the sandy ridges in the coastal area. As
the average farm size is small, there are no large production units. Though most
soil preparation is mechanized, all harvesting is done by hand, making ground-
nut production econemically unattractive. As a result the area under groundnut
fell from about 600 ha in the early 1960s to a mere 200 ha in 1980. Most of
the production is used in the manufacturing of peanut butter and special food
products. Consumption exceeds production several times over, the differences
being covered by imports, the value of which is estimated at about SRG 1 million
annually,

The main factors limiting groundnut production are the leaf spot diseases
and leaf rust. The diseases are virtually absent in recently cleared areas but build
up rapidly once the soil has been cropped a few times with groundnut. If control
measures are adequate, groundnut is a promising crop for the Zanderij area.

Table 72 summarizes the recommended cultural practices as derived from this
and other sections. As with the other crops, a steady state of soil fertility is
aimed at. Yields higher than the indicated 4 t ha™! might be obtained. For each
exira tonne of pod yield, additional applications should be 15, 30 and 30 kg
ha™' of P, K and Mg, respectively.
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Tabie 72. Recommended cultural practices for groundnut prowitig. Target pod yiekd is 4 t ha™!.

Planting time June or December
Plant density, ha™! 150000, 50 x 12cm; 100 kg seed
Cultivar Matjan
Inoculum, kg ha™ 12; granular, specific; combined with planting
Soil tillage ploughing 25 ¢m, or rotavating 15¢m
Crop protection measures five two-weekly apphcations of chlorothalonil (1.751 ha").
starting 4 weeks after planting
Weed control pre-emergence alachlor, 2.4 kg a.i. per ha
Optimum pH(H,0)") 5262
Fectilizer rates, kg ha™
N none
P ’ 20, at planting
K 60, at planting
Mg 30, at planting

*} To maintain the indicated pH, CaCOjy should be applied annually at a rate of 1t ha !, preferably
before the short rainy season and before planting groundnut or soybean.

7.2.3 Cowpea (Vigna unguiculata)

7.2.3.1 Varietal selection

In Suriname only a few cultivars are known and used for human consumption.
The two most important types have uniform brown, oval to ovoid or rhomboid
seeds, and can be classified as crowders; they often occur mixed. The third type
is a blackeye, and the fourth one a creampea type. With the exception of the
creampea, they have a 100-seed mass of 16 to 17 g. The local creampea is nearly
extinct. None of these cultivars is suitable for mechanized harvesting. They often
have long trailing stems and ripen very unevenly with pods borne near the
ground and mostly concealed by the foliage.

At Coebiti *African Red’ was one of the reference cultivars. Tt has an upright
growth habit, a fairly even ripening, and pods well above the ground. The small
reddish-brown seeds, however, differ too much from the traditional cultivars
to be acceptable for human consumption.

The cultivars tested at Coebiti in 1973 and 1974 comprised material that had
been introduced earlier by CELOS for the coastal area. From 1975 onwards
only cultivars from IITA, Nigeria, were submitted to varietal tests (Appendix
5). The 1973 and 1974 experiments comprised cultivars with sceds that resembled
the current local cultivars. No outstanding yielders were encountered (Table
73). Taking other characteristics into account too, no cultivars were selected
to replace the local cones.

After 1975 the experiments were done on a cooperative basis with the Interna-
tional Institute for Tropical Agriculture (1ITA), Nigeria, and included cultivars
with seeds that often differed from the current local material. Usually the intro-
ductions did not produce much better than the standard cultivar {Table 74).
On the other hand, many of the better yielding entries were superior to the local
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Table 73. Cowpea. Sced vields (t ha™') of the best four entries and the reference cultivar in four
comparative yield trials at Coebiti in 1973 and 1974.

Eniry Yield Entry Yield
Type: blackeye Type: blackeye

P1 165486 0.57 PI1 293477 0.96
Acc, 73031 0.45 Acc. 73026 091
Acc. 593 0.45 Pl 165486 0.34
Ace. 73030 0.34 PI 124609 0.78
reference (Blackeye) 0.47 reference (African Red) 0.95
Type: crowder Type: creampea

Acc, 73027 L.14 185 x 40-3/4-40L.9 1.14
Acc. 6017 1.i2 5/8-40-1/4-66-7T4, 1/R-50 L 4 1.07
Capucijner 5403A 1.02 Pl 293497 0.97
Kwarra 0.90 Acc. 73021 095
relerence {Capucijner 6101) 103 refcrence (African Red) 1.47

Table 74, Cowpea. Seed yields ¢t ha™') of the best four entrics and the reference cultivar in five
comparative yicld trials a1 Coebiti and Kabo in the period 1975-1932,

Entry Yicld Entry Yield
TVu 4557 1.18 TVx 13-3IK 1.23
TVu2616P-01D 118 TVx 309-1G 1.13
TVx t3-2E 117 TVx7-5H L1
TVx 2251 1.05 TVx 6-4H 0.87
reference (Blackeye) 0.49 reference (African Red) 0.70
TVx 66-2H 1.09 TVx 1193-7D 1.58
Vita-3 1.04 TVx 2394-02F 1.45
TVx 33-1G 1.03 TVx 309-1G [.42
Tvx 1836-9E 1.03 TVx 2394-0tF 141
reference (African Red) 0.96 reference (African Red) 1.25
TVx 3404-012E 1.52

Vita-6 1.48

TVx 39-1G 1.44

TVx 1836-013) 1.44

reference (African Red) 1.44

material in terms of a more even ripening, an upright determinate growth habit,
and pods held above the foliage. A problem was seed size and colour. Most
of the IITA cultivars had a 100-seed mass of about 10 g or less, and blackeye
and creampea types were rare amongst this material. Most had uniformly brown
seeds, were of the browneye type or had mottled seeds. A promising cultivar
was TVx 1836-013 J, with a 100-seed mass of 17 g and ovoid to rhomboid
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Fig. 61. Frequency distribution of experimental cowpea yields under current cultural practices.
1972-1982,

uniformly brown seeds. The cultivar has not yet been tested for its performance
on a larger scale.

7.2.3.2 Yields

The seed yiclds obtained in the field experiments ranged from 0.42 to 1.47 t
ha™, with an average (n=234) of 0.97 { ha? (Fig. 61). These data include all
field experiments with the standard methods irrespective of the cultivar or the
planting date; for the variety trials the average yield of the best four entries
was taken. Yields higher than 1.2 t ha”' were obtained in about 23 per cent
of the experiments. Low yields were obtained from out-of-season sowings. The
results indicate that yields of 1.25t ha ! are feasible. To ensure that quality seeds
are harvested the pods should ripen in the dry season. Taking into account its
short growing cycle, cowpea should therefore not be sown early in the rainy
season. Too few field experiments were done with cowpea to allow for conclu-
sions to be drawn about this (Fig. 21, Section 6.1.2). Cowpea was never sown
in February, April, May or October, and only once in March. Yields higher
than 1.25 t ha™! were recorded for plantings from August to January,

7.2.3.3 Plant density and spacing

Cowpea is normally planted in rows 50 cm apart IITA prescribed a plant spac-
ing of 50 x 20 cm, corresponding with 100000 plants ha-l. At this density a
closed crop canopy was only seldom obtained, suggesting that closer spacings
may be possible. With mechanized sowing, the planter was adjusted to 7 or 8
seeds per metre, resulting in plant densities between 126000 and 144 000 plants
ha-, if emergence was 90 per cent.
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In a field experiment with the determinate IITA line TVx 309-1G no clear
effect of plant density on seed yield could be demonstrated with densities ranging
from 145000 to 283 000 plants ha-'. Yields varied from 1.01 to 1.58 t ha™', but
this variation did not correlate with density; high yields occurred at both high
and low populations.

In mechanized agriculture, high plant populations may be preferred. The
resulting lower number of pods per plant enhance uniform ripening by reducing
the time lapse between the first and the last mature pod. A prolonged ripening
period may increase crop losses, particularly during rainy periods when there
is considerable risk of pod and seed deterioration,

7.2.34 Production potential
In the coastal area cowpea is grown on the sandy soils or as a second crop follow-
ing lowland rice. As with soybean there are no reliable data onits area or produc-
tion. Ter Horst (1962) estimated that about 50 per cent of the area planted to
‘other grain legumes® was occupicd by cowpea. Based on 1980 statistics this
would come to about 95 ha.

Cowpea is grown for its seeds. The pods are picked by hand before they are
completely dry. Periods of rainy weather during ripening can cause the ripe seed
to deteriorate as a result of fungal and bacterial infection of the ripe pods. Regu-
lar picking rounds are necessary, thus making cowpea a horticultural rather
than an agricultural crop. Cowpea is sold on the local market in the form of
ripe pods.

In the project cowpea was seen as a catch crop. It can be planted late in the
season when the main crop has failed or could not be timely planted. Cowpea
has a short growing cycle, does not require much soil moisture and has modest
nutrient demands, The main lmitation 1o production in the humid climate of
Suriname is excessive rainfall during the pod filling and ripening stages, particu-
larly when this is accompanied by little sunshine and continuously high air humi-
dities. Fungal infection, especially of the pods, can reduce seed yields to zero.

Table 75 summarizes the recommended cultural practices, as derived from
this and other sections. As with the other crops, a steady state of soil fertility
is aimed at,

7.2.4 Mungbean (Vigna radiata)

7.24.1 Varietal selection
Under coastal conditions the local cultivar known as katjang idju (Accession
no. 68007) reaches a height of 60 to 70 cm, branches profusely and yields at
a rate of about 1.20 tonnes of dry seeds per hectare. It ripens unevenly and
its ripe pods tend to dchisce, especially if air humidity is low. Several picking
rounds are needed to collect ali the pods produced. The mechanized harvesting
of such a cultivar would lead to considerable losses.

In 1978, twenty cultivars (Appendix 5) were introduced from AVRDC,
Taiwan, and subjected to single-row screening at Coebiti. All introductions
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Table 75. Recommended cultural practices for cowpea growing. Target seed
yield is 1.25 1 ha™.

Planting time from August to January
Plant density, ha™ 150000; 40 kg seed
Cultivar TVx 1836-013]
Soil tillage from minimum tillage to ploughing
Crop protection avoid humid conditions during ripening
Weed control pre-emergence alachlor, 2.4 kg a.i. per ha
Optimum pH{H,0)*) 5.2-6.0
Fertilizer rates, kg ha™!

N none

P 10, at planting

K 40, at planting

Mg none

) To maintain the indicated pH, CaCQ; should be applied annually at a
rate of 1t ha™', preferably before the short rainy season and before planting
groundnut or soybean.

Table 76. Mungbean. Performance of four AVRDC cultivars in comparison with a local culiivar.
Averages of four replicates.

Sced yield, tha ! 1000- Plam Maturity
grain height days after
range average mass, g cm planting
68007 (local) 1.20-1.62 1.34 41 75 61
M7IA 1.11-1.68 1.31 57 69 59
MG 50-10A (G) 1.24-1.36 1.30 62 55 56
MG 50-10A (Y) 1.10-1.5] L39 69 40 55
PHLV I8 0.90-1.70 1.29 59 50 56

matured in a shorter time than the local cultivar: some were taller and others
were shorter. Generally yiclds were low but most introductions yielded more
than the local cultivar. Twelve cultivars were selected for further observations.
Four of them were eventually carried forward to a comparative yield experiment
at Coebiti. In the observation trial their yields were higher, their seeds larger
and their plants shorter than those of the local cultivar. They also matured some-
what earlier.

No significant yield differences (P = 0.05) were observed, but the average yield
of the local cultivar was highest (Table 76). There were large differences in yield
between plots of the same cultivar, especially of the cultivar PHLY 18. No obvi-
ous explanation was available for this; it could not be ascribed to differences
in soil fertility, Pod dehiscence was not observed in the AVRDC cultivars. The
pod halves were so hard to open that the pods of PHLV 18 and MG 50-10A
(G) were even difficult to thresh. At the end of the project these AVRDC culti-
vars had not yet been tested on a large scale.
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7.2.4.2 Yields and cultural practices

Except for the variety trial mentioned above, all experiments were conducted
with the local mungbean cultivar 68007, The seed yields ranged from 0.30 to
1.34 t ha', with an average (n=16) of 0.77 t ha™ (Fig. 62). Yields higher than
1.0 t ha! were obtained in four experiments and yields lower than 0.6 t ha™
in five experiments. Most of the low yields were the result of water shortage
caused by planting too late in the dry season. Crop failures resulting from insect
or disease problems were never observed.

No planting-date experiments were done with mungbean, and not enough
experiments with mungbean were done to be able to draw any conclusions about
possible effects of planting date (Fig. 21, Section 6.1.2).

The planting seasons of mungbean can be expected to coincide with those
of cowpea. The two crops have an equally short growing cycle and their pods
quickly deteriorate when ripening coincides with a humid cloudy period. The
crop was usually planted in July-August or in January, i.e. in the second half
of the rainy seasons, to aveid such problems. These growing seasons are charac-
terized by drought periods of varying lengths; their effect on yield depends on
the developmental stage of the crop. This may explain the large variations in
vield of both mungbean and cowpea.

No experimental data are available on optimum densities or spacing arrange-
ments. Mungbean was planted in rows 50 cm apart. As to the plant distance
in the row, the same holds for mungbean as for cowpea (Section 7.2.3.3).

7.2.4.3 Production potentiul

Mungbean or green gram is planted to a limited extent on the sandy ridges of
the coastal area. The crop is grown for its dry seeds, mostly used for preparing
bean sprouts as a vegetable. No data on area or production are available.

Like cowpea, mungbean was seen in the project as a possible catch crop.
Though the two crops have much in common, the specific use of mungbean
would restrict its area planted, and consequently, mungbean received less atten-
tion than cowpea.

As for cowpea, the main limitation to mungbean production is excessive rain-
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Fig. 62. Frequency distribution of experimental mungbean yields under current cultural practices.
1972-1982,
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Table 77. Recommended cultural practices for mungbean growing. Target seed
vieldis 1.25 tha .

Planting time January or July-August
Plant density, ha™! 150000; 10 kg seed
Cultivar see Table 76
Soil tillage . from minimum tiflage ta ploughing
Crop protection measurcs avotd humid conditions during ripening
Weed control pre-emergence alachlor, 2.4 kg a.i. perha
Optimum pH(H,0)") 5.2-60
Fertilizer rates, kg ha™!

N none

P 10, at planting

K 40, at planting

Mg none

%} To maintain the indicated pH, CaCOj should be applied annually at a rate
of 1 t ha™!, preferably before the short rainy scason and before planting ground-
nut or soybean.

fall during the pod filling and ripening stages. The pods and seeds are readily
attacked by fungi when the ripening coincides with a cloudy humid period.
Though the seed losses can be considerable, seed deterioration appears less a
problem in mungbean than in cowpea. No serious diseases or insect pests were
obsecrved.

Table 77 summarizes the recommended cultural practices, as derived from
this and other sections. Where no experimental data for mungbean were avail-
able, the recommendations for cowpea were used. As with the other crops, a
steady state of soil fertility is aimed at.

7.2.5 Pigeon pea (Cajanus cajan)

7.2.5.1 Yields and cultural practices

The first Coebiti observation trial with four indeterminate pigeon pea cultivars
showed a good vegetative growth, but few flowers and pods, and the ripening
pods appeared to be very susceptible to fungal infection. It was then thought
that the use of determinate cultivars and a better timing of the ripening stage
could reduce these problems.

Six cultivars received from IITA were planted at Coebiti in May 1975 so that
the ripening of the pods would coincide with the long dry season. Rows were
75 cm apart and plant distance in the row was 15 em. Specific inoculum was
used and the crop was fertilized at the rate of 25 kg N, 25 kg Pand 25 kg K
per hectare. The plants were sprayed regularly with monocrotophos. Many
plants died as a result of Rhizocronia infection, enhanced by extremely wet
weather, At harvest 14-38 per cent of the plants had been lost.

Most pods could be harvested 134 days after planting but, in various cultivars,
ripe pods were picked until many weeks later. The yields (Table 78) were
mediocre, which was at least partly because so many plants had been lost. Al-
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Table 78. Pigeon pea. Performance of six HTA cultivars, May-Gctober 1975. From Bink (1976a).

Date?) of first Plant Seed yield Discoloured
height —_— seeds, %o

Cultivar flower pod harvest cm gplant™  tha!

3Dgio4 93 123 141 151 19 1.72 12
3D 8125 34 117 134 116 13 1.20 1
D8t 80 112 127 120 it 0.95 12
3D 8129 85 121 134 135 It 0.94 18
ID8126 82 117 134 124 10 0.93 12
iDgi127 84 19 134 120 9 0.84 13

#) Days after planting.

though pods ripened in the long dry season, at least 10 per cent of the seed
had deteriorated as a result of fungal infection.

7.2.5.2 Production potential
Although pigeon pea is by far the most important pulse crop of the lowland
tropics (Rachie & Silvestre, 1977), in Suriname it has been grown to a limited
extent in the coastal area, mainly in kitchen gardens (Ostendorf, 1962), In 1980
the crop was scarcely grown.

Mechanized harvesting of green or ripe pigeon peas would require a uniformly
ripening crop. This may be achieved by using short statured, determinate culti-
vars and high plant densities. The length of the growing cycle should match
the long rainy season so that the crop ripens during the long dry season. Part
of the problem of pod and seed mould might be overcome by harvesting the
green seeds, but the technology to do this was not available in Suriname. On
the other hand, unless pigeon pea harvesting can be mechanized there is little
point in solving the agronomic problems that still beset its cultivation in Suri-
name.

7.3 Root and tuber crops
7.3.1 Cassava{Manthot esculenta)

7.3.1.1 Clonal selection
The first cassava collection at Coebiti was planted in 1973 and comprised 33
entries of various origins (Appendix 5). In 1974 these clones were screened for
their production potential in relation to growing periods of 6, 9, 12 and 15
months (Bink, 1976¢). Based on their performance 6 and 8 months after planting,
nine clones were selected for further comparison (Bink, 1976d). The fresh root
yields 12 months after planting ranged from 16 to 41 t ha™; no outstanding
clone was selected (Table 79A).

In July 1978 five clones were introduced from CIAT, Colombia, and after
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Table 79. Cassava. Fresh root yields (1 ha™) 12 months after planting.
A. Nine clones at Coebiti. From Bink (1976b). B. Five clones from CIAT
and cv. Indische Stok. Kabo.

A ) B

Clone Yield Clone Yield
Bitter 111 41 MCol 1684 67
Bitter ¥ 19 HMC?2 65
Miss Jane (donker) 29 HMC | 64
2124 28 HMC7 54
2106 ) 27 Indische Stok 50
2078 26 CM 323-375 49
2219 21

Bitter IV 7

Mantequeira 16

some multiplication they were compared with the local clone Indische Stok in
a trial planted at Kabo in 1979, All imported entries were of the low-branching
plant type and four of them were bitter, Fresh root yields 12 months after plant-
ing ranged from 49 to 67 t ha™' (Table 79B). None of the CIAT clones cutyielded
Indische Stok by 50 per cent or more, a criterion used by CIAT (Castro, 1977)
for selecting clones better than the local material. The somewhat lower produc-
tion of Indische Stok could be partly the result of its susceptibility to Cercospora
leaf spot.

7.3.1.2 Yields and cultural practices
In the earliest trials at Coebiti, comprising four clones on two soil types, a sand
and a sandy loam, a production level of 25-45 t ha™' was obtained 12 months
after planting, with negligible differences between the two soil types (Van Mar-
rewijk, 1974). In later experiments, with Indische Stok yields were about 20 t
ha. The high yields obtained at Kabo (Table 79B) were ascribed to the relatively
fertile soil of the trial site, which was rich in organic matter. Yields of 25-30
tha™ fresh roots seerm more representative for soils of the Zanderij formation.

Provided the soil is not too wet nor too dry, cassava may be planted year-
round. Shifting cultivators plant at the onset of the rainy season following slash-
and-burn in the dry season. Based on the rainfall distribution pattern, CIAT
considered the second half of the long rainy season as the best planting time
(Castro, 1977). Planting before the long dry season would enhance rooting
depth, thus reducing possible drought stress and with a growing cycle of 12
months, avoiding a possible decrease in root or starch yield during the long
dry season. However, no conclusions can be drawn from the few cassava experi-
ments that were conducted.

Cassava was normally planted at a row distance of 1.00 m and a density of
about 10 000 plants ha™'. Mechanized harvesting may require special row arrange-
ments depending on the width of the lifting equipment and the tractor used.
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In a plant density trial of the fan design with Indische Stok, root yiclds 12
months after planting gradually decreased as plant population increased (Fig.
63). In a second experiment cassava was planted in rows alternately 75 and 115
cm apart, to facilitate mechanical lifting of the plants. Plant distance in the row
was varied, to obtain densities from about 10000 to 20000 plants ha™'. The
yields in this trial 12 months after planting varied little with density.

For Indische Stok it can be concluded that root yields do not increase at
densities above 10 000 plants ha™'.

7.3.1.3 Production potential

In Suriname, cassava is an important staple food for people of the country’s
interior who have technigues for processing the poisonous roots into non-
poisonous food before they deteriorate — virtually all their cassava is bitter.
These cassava types are mostly low-branching and show a large variation in
colour and shape of leaves, branches and roots.

In the coastal plain, cassava is of minorimportance; itis eaten only as a vegeta-
ble or used in special dishes. The clones grown in this area are sweet, non-poison-
ous, and mainly of the high-branching upright plant type. Amongst this group
is Indische Stok. The crop is mostly harvested when the roots are still young
and free from fibres.

Cassava is not grown as an industrial crop. Lack of a mechanized-harvesting
technology is believed to be an important hindrance to large-scale cultivation.
A further limitation when animal feed is aimed for, is the need for artificial
drying, since the climate of Suriname generally is not suitable for sun drying.
The equipment and energy required, however, do not make cassava an economi-
cally attractive crop for animal feed. The production of flour and animal feed
would need sweet cassava, and mechanized harvesting requires easily harvest-
able plant types. Cassava is well adapted to the lowland tropics because of its

yield,
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Fig. 63. Cassavacv. Indische Stok. Fresh root yields in relation to plant density.
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tolerance to low levels of nutrients and high acidity. No serious constraints from
disease or insect pests were observed during the project {Sections 6.7.1.4 and
6.7.2.3).

7.3.2 Sweet potato (Ipomoea batatas)

7.3.2.1 Clonal selection

Five clones from AVRDC were entered in a replicated comparative yield experi-
ment at Coebiti in the fong rainy season of 1978. The local clone Blauwkop was
included as reference. Two reference plots were planted per replicate. The fertilizer
applications were 30, 60 and 90 kg ha'! for N, P and K, respectively. The crop
was grown on ridges 90 cm apart; plant distance in the row was 30 cm.

No diseases ot pests of any importance were observed. The crop was harvested
16 weeks after planting, except for one of the two plots with Blauwkop in each
replicate which was left for nine more weeks. The results for Blauwkop (Table
80) suggest that harvesting at 16 weeks after planting was too early. The yield
of Blauwkop doubled when left for nine more weeks but its production still
remained well below that of the AVRDC introductions. A simple test showed
that the boiled tubers of Blauwkop were more acceptable than those of the intro-
ductions. According to local taste, sweet potatoes should not be too sweet nor
too soft when boiled.

7.3.2.2 Production potential

In Suriname sweet potato is a crop of minor importance. It occurs throughout
the country in compounds or kitchen gardens and is used mostly for home con-
sumption — very little enters the market. Only the tubers are eaten,

Sweet potato could be a suitable crop for both rainy seasons. The sandy tex-
ture of the Zanderij soils and the rainfall distribution, however, pose some spe-
cial problems to the management of this crop, particularly when mechanized.
There are two fairly restricted periods suitable for planting, i.e. the first two
months of both rainy seasons.

Table 80. Sweet polato. Performance of five AVRDC clones and the local clone Blauwkop.

Clone Harvesting Marketable tubers Fresh tuber

date®) yield, tha™!
number per plot mean weight, g

1117 16 165 217 17.6

AlS 209-3 i6 202 174 17.6

AlS 479-1 16 187 177 16.6

AlS0122-3 l6 158 174 14.6

AlS478-) 16 138 198 13.7

Blauwkop 16 89 98 51

Blauwkop 25 129 169 10.6

*) Weeks alter planting. .
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7.4 Other crops

Cropping systems for the Zanderij soils at one stage or another may require
cover crops in the rotation or crops for the production of mulch or organic
material. A number of candidate legumes were observed at Coebiti for this pur-
pose (Table 81).

7.4.1 Covercrops

Of the species listed in Table 81, Pueraria phasecoloides or kudzu proved the
best cover crop for the Zanderij soils. On recently cleared, unfertilized soil its
growth was poor because of lack of phosphorous, but once the soil had been
cropped and fertilized a few times, kudzu established easily and formed a dense
cover little affected by drought. lis aggressive growth can form a threat to annual
crops, especially when the plant is left uncontrolied in fields lying fallow, along
roads or field edges. Seed production is very poor, however.

With Psophocarpus palustris no soil cover was obtained. Seedlings stopped
growing soon after emergence. Leaves were small and yeliow,

The two Flemingia species remained small too, flowered very early and pro-
duced very little vegetative growth. Calopogonium mucunocides and Centrosema
pubescens covered the soil well during the rainy season, but in the dry season
the leaves were shed and little soil cover was left. This also applies to Indigofera
endecaphylla and Mimosa invisa; during the rainy season their vegetative growth
was much less, however. The Mucuna spp. are annual plants suitable for one
short season only and therefore not producing much organic material.

Table 81. Cover crops and crops for mulch production that were studied a1 Coebiti.

Accessionno,  Species Accession no.  Species
Cover crops Shrubs
68030 Mucuna pruricns 68029 Canavalia ensiformis
68031 Mucuna sp. 68084 Crotalaria usaramoensis
68069 Psaphocarpus palustris 68085 C. juncea
68071 Calopogonium mucunoides 68086 C. quinguefolia
68072 Cenirasema pubescens 68087 C. anagyroides
68081 Indigophera endecaphylla 68088 C. incana
69293 Mimosa invisa var. inermis 63089 C.striata
79005 Flemingia vestita 68090 C. polysperma
79006 F. fruticulosa . 68091 C. spectabilis
- Pueraria phuseoloides 68092 C. faleata

78023 Flemingia congesta
Troes 79001 Tephrosia candida
78001 Leucaena leucocephala 79002 T. noctiflora
79009 Leucaena piracicaba 79003 T. vestita
- Gliricidia sepium 79004 T. speciosa
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7.4.2 Crops for production of mulch or green manure

Canavalia ensiformis and the Tephrosia spp. appeared unsuitable because of too
little vegetative growth. Flemingia congestahad an extremely slow start but once
established, showed a steady growth without symptoms of deficiency or toxicity.
The plant could be regularly cut back without dying. Seed production was abun-
dant. This species merits further study as a mulch supplier on the Zanderij soils.

Crotalaria falcata, C. anagyroides and C. striata had a growing cycle of 6-8
months. Judging from the height they reached, a good amount of organic materi-
al was produced. The amounts were not recorded. The other Crozalaria species
ceased growth much earlier and were less suitable for mulch production. Crota-
laria could be cut back provided this was done before flowering. Once in bloom
the plants usually died when clipped. Though pods were often attacked by
borers, seed production was normally not a problem. Volunteer seedlings emerg-
ing from shattered seeds were sometimes a nuisance in grain legumes, as the
selective herbicides for these crops did not affect Crotalaria.

The trees Leucaena and Gliricidia are used in alley-cropping systems elsewhere
in the tropics. In June 1978 small plots comprising 20 plants of each L. leucoce-
phala and . sepium were established to study their dry matter production and
mineral uptake. The Leucaena plants were raised from seeds introduced from
Beltsville, USA (Pl 288004) and the Gliricidia plants from cuttings from a local
source. Leucaena was inoculated with specific Rhizobium. The plants, trans-
ferred to the field when six months old, were planted in holes measuring 60
x 60 x 60 cm. The soil was mixed with 80 g triple superphosphate, 50 g potassium-
magnesium sulphate, 100 g agricultural lime and 5 g fritted trace elements con-
taining Mo, Zn, B, Fe, Cu and Mn, which at a plant arrangement of 2.5 x 2.5
m amounted to 24.3 kg P, 17.6 kg K, 64 kg Ca, 4 kg Mg and 8 kg FTE per
hectare.

Seven weeks after transplanting all plants were cut back to about 25 cm. The
dry weights of the aboveground parts were 1.42 and 1.43 kg for the Leucaena
and Gliricidia plants respectively, indicating that approximately equally sized
material was used. Leucaena flowered early and profusely, but its vegetative
growth was much less than for Gliricidia in which no flowering was observed.
When cut back four months later the total amounts of dry maiter accumulated
by Gliricidia and Leucaena were 7.4 and 3.2 kg, respectively. Leucaena again
flowered early and profusely, with a very poor vegetative growth: 4.1 kg of dry
matter against 45.0 kg for Gliricidia between December 1978 and July 1979,
Root examination showed that most Leucaena roots were still confined to the
original planting hole. These roots were very fine. Only an occasional, thicker
root (2-3 mm) had penetrated the soil below the planting hole. With Gliricidia,
however, some roots had left the original hole horizontally. These roots were
up to 20 mm thick.

Because the growth of the Leucaena remained poor it was decided to disconti-
nue the observations. Meanwhile seedlings of another cultivar, ‘Cunningham’,
and of L. piracicaba were raised to replace the earlier introduction. Though
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Table 82, Gliricidia sepium. Dry-matter production, nitrogen yield and nutrient removal for lhe
cuts in the period 1979-1982.

Date of cutting

July 79 Febr. 80 Scpt. 80 March8l  April 82

Days since previous cutting 219 210 215 181 Ky
Dry matier, t ha™ 3.6 38 (2.0 2.6 2t.4
N yield, kg ha™! 68 69 226 166 298
kg N per tonne dry matter 18.9 18.2 18.8 19.3 139
Nutrient removal, kg ha™!
P n.d.?) n.d. 11 10 37
K n.d. n.d. 65 53 133
Ca nd. nd. 160 144 124
Mg n.d. n.d. 48 45 27

3y n.d. = no data availablc.

poth were claimed to be adapted to acid soils, they gave the same results, i.e.
little vegetative growth and profuse flowering. It was concluded that Leucaena
is not suitable for the Zanderij soils.

Gliricidia performed well without growth stagnations. Flowering occurred
sporadically but no pods were formed. Between December 1978 and April 1982
the plants were cut back five times, at intervals of 6 or 7 months (Table 82).
Dry matter accumulation was about 20 t ha ' year .

For the first four cuts nitrogen yield per tonne of dry matier was about con-
stant, but for the last cut it was less because of the large portion of woody stems
without leaves. The stems of the earlier 6- or 7- month cuttings still had most
of their leaves.

Gliricidia removed wbslantnal quantities of phosphorus, potassium, calcium
and magnesium. Until 1981, the nutrient supply was more or less maintained
by returning the cut material as a mulch around the plants. In March 1981 this
practice was stopped thus forcing the plants to exhaust the soil. This may explain
the lower amounts of calcium and magnesium removed by the cut of April 1982,
No marked growth reduction was observed.

The data show that Gliricidia could be a useful plant for the production of
nutrient-rich organic material that can be utilized as mulch or as organic fertil-
izer. Further research is needed on its nutrient requirements, and on its manage-
ment in systems such as alley cropping.
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8 Mechanized field operations

As stated in Section 1 the farming systems for the Zanderij area have to be
mechanized. The appropriate level of mechanization for permanent cultivation
of annual crops can only be found after in-depth analyses of farming systems,
taking into account agricultural, social and economic aspects. However, insuffi-
cient data were available for such analyses,

For a full account of the aspects of mechanization see Goense (1987). The
author’s summary is presented in Appendix 6.

8.1 Description of the equipment used in the project
8.1.1 Tillage equipment

The effects of various types of primary tillage on yield are discussed in Section
6.3.2.

For ploughing a 3-disc plough was used, with discs of 66 cm (26 inches) diame-
ter. Cutting the weeds with a rotary stasher, or shallow tilling was necessary
prior to ploughing because otherwise the weeds were not ploughed in properly.
A mouldboard plough with trashboards or skim coulters ploughs in the weeds
better than a disc plough, but on recently cleared land where branches and
stumps can be encountered, it must be fitted with an automatic tipping device
to prevent breakage, and this makes its use rather expensive.

The chisel plough used had widely spaced tines to avoid clogging. To reach
a depth of 25 ¢m, 10-kW rated tractor power was required per tine if the tines
were spaced 25 cm apart. Since the chisel plough did not plough in the weeds
and crop residues adequately, a herbicide was needed at sowing.

Rotavating was done with a rotary tiller with reversely rotating L-shaped
blades. Weeds and crop residues were worked in very well and a seedbed was
prepared in one pass.

The disc harrow used had 61-cm (24-inch) diameter discs. When used for pri-
mary tillage, two passes were required to reach a depth of 15 cm. Coverage
of weeds and crop residues was poor.

After ploughing, chisel ploughing or disc harrowing, a secondary tillage oper-
ation was needed to prepare a seedbed. The power-driven rotary harrow that
was used for this purpose had a very good levelling action and was not hindered
by covered or partially covered crop residues. However, intensive tillage is not
desirable on sandy soils because the soil becomes too loose. Therefore, other
types of secondary-tillage implements, such as a spring-tine harrow with a level-
ling board, may be more appropriate for these sandy soils.
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8.1.2 Equipment for planting, fertilizer and biocide application

Sowing was very successfully mechanized with a 4-row pneumatic (suction sys-
tem) precision planter equipped with flat vertical discs for seed metering. This
planter handled all types and sizes of seed, ranging from sorghum to groundnut,
provided discs with holes of an appropriate diameter were used. Precision sowing
was essential for the experimental work. For farmers a less complicated and
less expensive planter will be adequate,

For direct seeding into non-tilled soil the runner openers in the planter were
replaced by shovel openers. Comparison of such direct seeding with minimum-
tillage sowing showed statistically non-significant differences in emergence,
weed growth and yields (Table 83). With minimum tillage, rotavated strips 5
cm wide were sown using runner openers. Where heavy crop residues lead to
clogging, a planter with triple disc openers is Lo be preferred.

Fertilizer was applicd in the same operation as planting. To this end the plant-
er was equipped with special fertilizer attachments. In this combination the
4-row planter was so heavy that it could be handled only by tractors of 55 kW
or more. Lime, rock phosphate, and fertilizers after planting were applied with
a broadcaster. For side dressing (in maize) a special attachment with adjustable
tubes was placed behind the pendulum broadcaster to divide the fertilizer over
a number of rows. The feeding devices in the applicators should be of an active
type, like an auger. A fertilizer distributor with a feeding device based on gravity
flow did not work, This was particularly a problem with hygroscopic fertilizer
mixtures.

Granular pesticides were applied simultaneously with planting, by means of
an applicator mounted on the planter. For other pesticides a tractor-mounted
sprayer was used. )

Mechanical inter-row weed control was done with a rolling cultivator or with
parallelogram-mounted sweeps. Both machines worked well. However, mecha-
nical weed control was abandoned because of its poor results in this wet climate.

Table 83, Effect of planting method on densities and yields of maize and weeds. No tillage. Planting
in Junuary (Exp. 1} and June 1979 (Exp. 2).

Experiment | Experiment 2
Planted Planted
in strips directly in strips directly
Weeds
relative density®) 0.46 0.51 0.55 0.52
dry matter, t ha™’ not determined 0.91 1.10
Maize
plant density), are™! 472 544 607 587
grain yicld, t ha™! 2.03 2.19 1.56 1.69

) At 42 days after planting.
b Plant density a1 21 and 42 days after planting for Experiments 1 and 2, respectively.
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8.1.3 Harvesting equipment

Grain crops. Maize, sorghum, soybean, cowpea and mungbean were harvested
with a self-propelled combine harvester. The machine was one of the smallest
commercially available combines. Straw walker area was 2,75 m? and cleaning
area 2.39 m>. For maize the combine harvester was equipped with a 3-row maize
header.

Experiments with maize showed that threshing and separating losses were
affected mainly by grain moisture content (Fig. 64) and hardly at all by the
capacity of the machine, which in the experiments was varied from 2 to 6 tonnes
of dry grain per hour. These results suggest that with yield levels of 3 to 4 t
ha' the widest available maize header should be chosen to fully utilize the thresh-
ing and separating capacity of the combine harvester.

In sorghum 54 per cent of the threshing and separating losses were attributable
to straw moisture content and the machine’s capacity to handle straw, and 16
per cent to grain moisture content and the machine’s capacity to handle grain.
The sharp increase m losses when straw capacity was increased stresses the
importance of keeping the header as high as possible, especially when the straw
is wet (Fig. 65).

For the rather short soybean cultivars in the project a flexible cutter bar
proved essential, as cutter bar losses were often high with the rigid bar used.

The uneven ripening of cowpea posed problems to direct combining from
stem; green leaves gave the sceds a green coating in the threshing process. Killing
the crop with a defoliant a few days before harvesting, or mowing the cowpea
and leaving it on the field to dry in a swath, eliminated this problem. For the
second method which would require a pick-up attachment for the combine, a
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Fig. 64. Maize harvesting. Threshing, separating and walker losses in relation to grain moisture
content expressed as mass fraction in moist product.
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Fig. 65. Sorghum harvesting. Threshing, separating and walker losses. A. In relation to dry straw
capacity and straw moisture content. B. In relation 10 dry grain capacity and grain moisture content,
Moisture contents expressed as mass {raction in moist product.

few consecutive dry days are necessary, as rainy weather quickly leads to seed
deterioration,

Groundnut. In the period 1975-77 small machinery was developed for the har-
vesting of groundnut (Van der Sar, 1981). Because this equipment still required
240 man-hours ha™', it will have no place in farming systems for the Zanderij
area.

Machinery used in the USA for harvesting groundnut also proved successful
under Suriname conditions. It proved impossible to invert Spanish-type ground-
nut plants with a digger-shaker-inverter because of the plants’ architecture.
Combining immediately after lifting resulted in many more damaged pods than
combining after the lifted crop had been left in the field for a few days to dry.

Cassava. Harvesting cassava by hand is a time-consuming and strenuous opera-
tion. Two types of levers were developed in 1975 to alleviate the lifting of cassava
roots (Van der Sar, 1979). The reduction in labour requirement from 171 hours
ha”! for the traditional method of uprooting with a fork to 136 or 63 hours
ha-', depending on the type of lever used, was not sufficient to make this crop
attractive in an otherwise mechanized farm system.

In 1981 experiments were conducted with a 2-row, tractor-mounted cassava
digger. Before roots can be lifted the aboveground plant parts need to be
removed. The machines tested for this work were a rotor mower, a flail forage
harvester and a rotary cultivator with tines. The protection shicld on the
machines pushed over the cassava stems. As a result some plants were uprooted
and their roots damaged by the cutting device. The cassava had been planted
on ridges and therefore some of the stems that had fallen between the ridges
were left untouched and together with weeds clogged the digger. The trial also
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showed that a 55-kW tractor could not handle this 1.5 m wide digger. A second
lifting trial in 1982 with cassava planted on fat soil, using a 75-kW tractor was
much more successful.

8.1.4 Standardization

In a mechanized farm system crop row distances should be such that there is
no need to frequently change the tractor tread for different crops or operations.
In the project the row distances were initially a multiple of 25 em. Sorghum,
groundnut, soybean and cowpea were planted in rows 50 em apart. For maize
and cassava the row distances were 75 and 100 cm, respectively.

The groundnut harvesting equipment from USA required rows 35, 50, 35 and
80 ¢m apart and a tractor tread of 200 cm (Section 7.2.2.3, Fig. 60).

Similarly, mechanized cassava harvesting led to alternate row distances of
75 and 125 cm, with a corresponding tractor tread of 200 cm.

When equipped with fertilizer and granular attachments the planter allowed
only a symmetric placement of the four row units. With a row distance of 50
cm and a tread of 150 ¢m two row units coincided with the wheel tracks of
the tractor, often resulting in poor emergence. This problem was solved by
increasing the tread to 200 cm.

The final result of the various modifications was the use of two tractor treads:
150 c¢m for ploughing and for operations in maize, and 200 cm for the other
crops. This was not too great a problem because more than one tractor was
available in the project. Nevertheless, for farmers’ practice the equipment should
be modified further, to standardize all operations to one tractor tread.

8.2 Workability studies
8.2.1 Objectives

Not all working hours within a certain time period are suitable for mechanized
field operations. Soils may be too dry or too wet for tillage, a crop may be
too wet for harvesting, and rainfall may make field operations impossible. Fur-
thermore, after-effects may occur; for example, the soil damage caused by clear-
ing forest under too wet conditions may last for many years.

Workability is defined as the possibility that an agricultural operation can
be carried out properly taking into account the conditions of machine, crop,
soil and atmosphere.

For farm planning it is essential to have information on the amount of work-
able time available during the year. Harvesting and tilling, for instance, cannot
be carried out during rainy seasons. A changeable climate means an erratic
number of workable hours. The optimum machine capacity depends on the
number of working hours available and on the area to be farmed. Over-mechani-
zation leads to an unnecessary increase in production costs, whereas too low
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a capacity may result in planting seasons being missed or harvests postponed,
with the penalty of losses.

Whether a certain period is workable or not is mostly determined by the
farmer on the basis of his personal experience. The farmer’s criteria must be
translated into objective, measurable criteria to be able to quantify workable
time. Two methods can be used to estimate workable time. The direct method
is by keeping field records over a long period. Such records are scarce and not
available for newly developed areas. The indirect method implies estimating the
number of workable hours from long-term climatic data. Once relationships
between weather variables and workability have been established, a descriptive
model can be formulated. The latter method was followed in the project.

8.2.2 Workability for tilluge

8.2.2.1 Experimental

During the short rainy season 1978-79 field records were kept on workability
for ploughing, harrowing and planting. Once or twice a day a small area at
Coebiti was ploughed, harrowed and planted. The clay contents of the 0-20 cm
soil layer were between 100 and 200 g kg™'. Before operations started, soil saum-
ples were taken from (-20, 20-40 and 40-60 ¢m depth, to determine soil moisture
content. Workability was assessed on the basis of three classes: too dry, too
wet or workable.

During a rainless period the soil dried up and became so hard that the intended
ploughing depth of 25 ¢m could not be attained; the mass ratio of moisture
to dry soil in the 0-20 cm layer was then 0.115 or less.

Slip of the tractor tyres increased as soil moisture content increased. A slip
fraction of more than 0.4 was considered unacceptable; the corresponding mass
ratio of moisture to dry soil was 0.161. In conclusion, only if the mass ratio
of moisture to dry soil was between 0.11 and 0.16 were conditions workable
for ploughing. :

A second experiment was carried out in April-May 1980. This period was
very wet, resulting in non-workable conditions. When ploughing was possible,
the mass ratio of moisture to dry soil was 0.16 or less.

As discussed by Goense (1987), there was always a transition zong between
workable and non-workable conditions. The values for mass ratio of moisture
to dry soil mentioned above are in the middle of these zones.

In some instances ploughing was impossible, although the mass ratio of mois-
ture to dry soil was below 0.16. Such conditions occurred either during the early
morning hours, during rain, or shortly after rain, when the fallow vegetation
was wet because of dew or rain resulting in increased wheel slip.

It was never too dry for harrowing with a rotary power-harrow. At mass
ratios of moisture to dry soil of more than 0.148, the soil clogged the depth-
control roll of the harrow. The value of 0.148 was taken as the criterion for
workability.
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8.2.2.2 Soil moisture model

In the model used to calculate changes in moisture content of the different soil
layers it was assumed that water moves in a vertical plane only. Therefore con-
clusions from the model may not be valid for sloping land with lateral water
movement. Details on the model used are given by Goense (1987); here only
the main principles are mentioned.

Input data for the model were hourly precipitation and evaporation. The
model parameters required were the soil moisture — matric head relation, perme-
ability, leaf area index and the evapotranspiration factor specific to the crop.

In the model it is assumed that successive soil layers fill with water from the
top downwards and that the entire pore volume of each layer is filled. Six soil
layers were distinguished: 0-10, 10-20, 20-40, 40-60, 60-100 and 100-500 c¢m.
Changes in moisture content were calculated as the result of infiltration, evapo-
ration, transpiration, and moisture flow between soil layers. Time steps varied
from 0.01 to 1.00 hour, based on the constraint that moisture flow between
two soil layers would not exceed one-third of the difference in moisture contents.
The depth of the groundwater in the Zanderij area being § m or more, and
because of the coarse soil texture, it was assumed that there was no capillary
rise from groundwater.

Calculated moisture contents were compared with the moisture contents
measured during the first experiment discussed in the previous section, for a
soil under stubble and a ploughed field (Fig. 66 and Table 84). The agreement
was better for the topsoil than for underlying soil layers, and better for the soil

caiculated moisture rotic

0.20 1

0.18 4

0.16 +

Q.14

0121

0.10 stubble ploughed
0-20em ] *
0.08 20 -40cm o [ ]
40 -60 em v v
0.06 . ———
L

T T

T M i T M T
006 ©0OB 010 012 0%, 016 018 020 D022
measured meisture ratio

Fig. 66. Regression lines for the relations between calculated and measured mass ratio of moisture
to dry soil, for soil under stubble and for pioughed soil, and for three depths.
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Table 84. Correlation coefficients (1) and roots ( x 100) of the mean squares {rms) of the differences
between calculated and measured soil moisture contents, for soil under stubble and for ploughed
s0il, at three depths. n = number of observations.

Depth,cm  n Range®) T ms
Stubble 0-20 59 0.086-0.200 0.94 0.81
20-40 59 0.121-0.185 0.89 0.82
40-60 59 0.130-0.192 0.34 0.72
Ploughed 0-20 58 0.070-0.209 0.93 1.22
20-40 58 0.087-0.203 0.88 1.29
40-60 58 0.104-0.179 Q.78 1.49

) Range of measured moisture conlents (mass ratio to dry soil).

under stubble than for the ploughed soil. As only the topsoil was considered
for workability, the results obtained were judged to be good enough for further
calculations.

8.2.2.3 Workable time for tiflage
Workable time for tillage as depending on seil moisture content was calculated
for each hour of the 25-year period between 1 January 1958 and 31 December
1982. The available time did not include Sundays and holidays. Normal working
hours were from 07.00 to 15.00 h from Monday to Friday, totalling 40 hours
per week. Overtime hours were between 15.00 and 18.00 h on a normal working
day and between 07.00 and 15.00 h on Saturday. So, including overtime, a week
comprised 63 working hours. Apart from having an indirect effect through soil
moisture, rainfall also directly affected workability: hours with 0.5 mm or more
rain were considered not workable.

Fig. 67 and Fig. 68 show the average number and the dependable level for
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Fig. 67, Average and 0.2 fractile of the number of workable hours for disc ploughing in a week.
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Fig. 68. Average and 0.2 fractile of the number of workable hours for harrowing in a week.

20 out of 25 years (the 0.2 fractile) of workable hours per week for disc ploughing
and harrowing, respectively. During the short dry season conditions that are
too dry or too wet for ploughing may occur; in the long dry season ploughing
is limited by too dry conditions. As it is never too dry for harrowing, the working
time for harrowing exceeded 50 h per weck, i.e. 80 per cent during the long
dry season. In the rainy scason, about 30 per cent of the time proved workable
for ploughing, but for harrowing this percentage was only about 30.

8.2.3 Workability for plunting, fertilizer and biecide application

In the experiment during the 1978-79 short rainy season (Section 8.2.2.1) the
workability for planting was also studied.

From a technical point of view it was never too dry for planting, but seeds
do not germinate when the soil is too dry. It was not possible to formulate criteria
for good emergence for the crop studied, sorghum. Different crops require differ-
ent soil moisture contents for germination and emergence.

The workability criterion of a mass ratio of moisture to dry soil of 0.148 in
the 0-20 ¢cm layer as established for harrowing, can also be used for planting.
At this moisture content soil started to clog the furrow openers.

No research was done on workability for fertilizer application, spraying, stub-
ble tillage and no-tillage planting. Certainly, the first two operations will not
be hindered by too dry conditions. The criterion for ploughing, i.e. a mass ratio
of moisture to dry soil of 0.16, can also be applied to identify conditions that
are too wet for these operations.
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8.2.4 Workability for harvesting

8.2.4.1 Experimental

The requirements for workable conditions of combine harvesting are

- the weather should not interfere with the operation;

— the soil should allow movement of combine and transport equipment;

— the material to be harvested should allow mowing or picking, threshing and
separation within relevant limits of loss of the product and wear of the
machine;

— the moisture content of the product should be sufficiently low for safe immedi-
ate storage or for drying.

The main determinant is moisture content. The moisture content of the grain
affects grain quality and product damage, that of the straw affects product loss
and machine wear. Besides the moisture in the plant parts, there is moisture
in the so-called reservoir, i.e. moisture adhering to and collected around plant
parts. The moisture content of the reservoir decreases by evaporation and by
diffusion into plant parts,

The moisture content of the grain changes during the day. The changes were
measured in a number of field experiments. On three dates, 18 and 24 November
and 21 December 1982, five crops were planted: maize, sorghum, soybean,
groundnut and cowpea. Starting at the crop’s maturity, a small plot of each
crop from each planting was harvested, threshed and sampled for moisture de-
termination. Sampling was carried out between 07.30 and 18.00 h at a frequency
of up to six times a day. Groundnut pods were sampled from windrowed materi-
al.

The daily fluctuations in the moisture content of maize and groundnut were
small. For maize a gradual decrease after maturity was observed, the rate of
decrease depending on weather conditions. The moisture content of groundnut
pods depended on the extent to which any rainfall in the previous days had
reached the crop via the soil under the windrow.

Grain moisture contents of sorghum, soybean and cowpea changed daily (Fig.
69). On dry days the effects of rain on previous days were visible until about
14.00 h for sorghum and cowpea and the whole day for soybean.

masture froction

x
0.4 rain on previcus day
. " 2" 3 Imm
03 a T o. *{3mm
. x L
- . M - .l
. ]
02 . 0.. oIa .
L L) .: LI PR
sarghum '- L . cowpena .
-
b4
!"1 LI I I B e A i U A f U L L A B B LA DR (R BN SN B N B N B N |
7 ¥ n 3 15 17 L] 13 15 17 7 9 1 13 15 17
lime of doy, h

Fig. 69. Course of grain moisture content, expressed as mass fraction of moist grain, during dry
days.
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8.2.4.2 Grain moisture model

To estimate workable hours for combine harvesting a model was developed that
calculates the moisture content of the reservoirs as a result of rain, condensation,
evaporation, and diffusion into grains, and that of the grains as a result of diffu-
sion into the grains, exchange with the ambient air, and radiation. For details
see Goense (1987). Input data were grain dry matter per ha, maximum grain mois-
ture content, coefficients for calculating equilibrium moisture content of the grain,
and hourly meteorological data. As a rule, the time step was one hour, except
for periods with an evaporating reservoir, when a step of 0.1 hour was used.

The model was calibrated with the results from the experiments mentioned
in Section 8.2.4.1 and evaluated for maize with the results from the experiments
mentioned in Section 8.3.2.1.

For maize, sorghum, soybean, groundnut and cowpea the presence of a reser-
voir was observed in the field and predicted by the model in 77 per cent of the
200 cases; observed but not predicted in 12 per cent of the cases and not observed
but predicted in 11 per cent of the cases. The model’s performance in calculating
grain moisture content was satisfactory, provided that the crops and circum-
stances were similar 1o those prevailing in the experiments used for calibrating
the model: correlation coefficients ranged from 0.82 to 0.92 and the average
root of the mean squares of the differences between caleulated and measured
moisture contents was §.032 and the measured moisture contents in moist grain
ranged from 0.09 to 0.52.

8.24.3 Workable time for harvesting
The presence of adhering moisture and the grain moisture contents were ¢alcu-
lated with the model for a 25-year period (1958-82) divided into one-week inter-
vals. Crops were assumed to be mature at the beginning of an interval. Grain
moisture content at maturity was set at (.31 for maize and at 0.26 for sorghum,
soybean and cowpea. It was assumed that groundnuts were lifted at the begin-
ning of the week and that pod moisture content was 0.45. Conditions were con-
sidered non-workable if;

— more than 0.5 mm rain had fallen in the preceding hour;

— mass ratio of moisture to dry soil was 0.16 or more for combine harvesting
(the same criterion as for ploughing), and 0.148 or more for groundnut strip-
ping;

— a moisture reservoir was present;

— grain moisture content was more than 0.28 for maize and more than 0.24
for sorghum, soybean, groundnut and cowpea.

Total available working time was 63 hours per week (Section 8.2.2.3). Fig.
70 shows that there was not much workable time for harvesting during the long
rainy season. There was generally more workable time for harvesting maize than
for harvesting other crops. Groundnut harvesting in the first week after Lifting
was possible during the dry seasons only.

As the limits that were used for grain moisture content were relatively high,
the calculated workable time can be considered as the maximum possible.
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8.3 Timeliness studies
8.3.1 Objectives

Timeliness is the possibility that a given operation can be carried out at the
moment that the quality and quantity of the product are optimum. The timeli-
ness function relates the relative loss of crop value, i.e. compared with the maxi-
mum possible value, to the number of days that the operation is carried out
earlier than or later than the optimum moment.

There are optimum times for the consecutive field operations. In practice it
is not possible to carry out alf operations at the optimum moment and a com-
promise has to be made between the costs of machine capacity and timeliness
costs. The timeliness functions of the field operations need to be known for
agricuitural planning. In the project the sowing of maize and the harvesting
of maize, sorghum, soybean and groundnut were studied. The results of maize
sowing studies were presented in Section 6.1 and therefore only the research
on timeliness of harvesting is discussed here.

Crop yield is maximum when the crop is physiologically mature. Crop losses
in the period between physiological maturity and harvesting result from bird
damage, shattering, rot, respiration, and lodging (the latter makes mechanized
harvesting impossible). To avoid such losses, crops should be harvested as soon
as technically feasible. Crops that must be threshed require some time after
physiological maturity for drying.

Harvesting is often delayed because of unfavourable weather conditions and
insufficient machine capacity. Increasing this capacity reduces the harvesting
losses but increases costs. The losses resulting from postponing harvesting must
be guantified so that optimum machine capacity ¢an be calculated.

8.3.2 Effects of timeliness on harvesting

8.3.2.1 Muaize

The effects of postponing the harvesting of maize under different climatic condi-
tions were studied in three crops planted 17 March, 22 April and 13 May 1981.
Mechanized harvesting started when grain moisture content was around 0.3 and
continued at weekly intervals until six weeks after the first harvest. In Fig. 71
the yields are depicted by two curves; the lower one represents the measured
machine yield and the upper one the apparent yield, i.e. the sum of machine
yield and measured losses from threshing, cleaning and picking (ears missed
by the machine). The first crop showed a sharp yield decrease for the first three
harvests. A more gradual decrease was found for the second crop, whereas for
the third crop postponement did not lead to yield losses (Fig. 71). Total rainfall
during harvesting for the first, second and third crops was 251, 114 and 67 mm,
respectively, suggesting that the weather conditions had an important influence.
However, the number of planting dates and the corresponding variation in
weather conditions were too small to be able to establish a relationship between
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the curves refer to rainfall (mm day ™"} for that period, Apparent yield defined in text.

crop losses and climatic conditions.

The yield levels for the first crop were much higher than those for the other
two crops. The probable causes of the lower yields were the rather wet conditions
at sowing, the leaching of fertilizers early in the growing season and the [ess
effective weed control.

The relative differences between machine and apparent yield generally varied
from 5 to 16 per cent of apparent yield. An exceptionally high loss of 23 per
cent was found on § August for the first crop. The major part of the losses
were picking losses. For more details see Goense (1987).

8.3.2.2 Sorghum
The effect of delayed harvesting for sorghum was studied in four crops planted
30 October, 24 November and 15 December 1981, and 13 January 1982, In each
crop combine-harvesting was done weekly during a 5-week period following
maturity, Heavy rainfall (ca. 350 mm) between 25 March and 1 April 1982 made
it impossible to harvest the third crop for three weeks, whereas harvesting of
the fourth crop could not start until two weeks after maturity.

Delayed harvesting led to crop losses in all four crops. The differences between
machine yield and apparent yield (consisting of mowing, threshing and cleaning
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losses) gradually increased with time, from about 2 per cent to 30 per cent of
the apparent yield, mainly because of increased mowing losses (Fig. 72).

The lower yields for the successive crops are in line with theoretical expecta-
tions (Fig. 20, Section 6.1.1), but from mid-February onwards leaf diseases in
the third and fourth crops also played a role. There was a very consistent trend
of lower yields when harvesting had to be postponed beyond January because
of continuous rain. From mid-March onwards grains started to germinate on
the plants, leading to quality less of the harvested product. For the November
crop the daily loss of machine yield was 54 kg ha™'; for the other crops it was
between 35 and 40 kg ha™. It can be concluded that any delay in sorghum har-
vesting should be avoided.

8.3.2.3 Soybean

In 1983 a harvesting-date study was carried out with soybean. Two crops were
planted: 17 March and 13 April; it was too wet for a third planting. As a result
of wet weather the weed control in the second crop was insufficient and only
four harvests were possible. Generally the yields of the second crop were lower
than those of the first one (Fig. 73).

166 Wageningen Agric, Univ. Papers 90-5 {1990)



3.2 1

28+

24 730
’

20

16 - 120 130 1.0

b —

time ofter planting, days

U T T T T
20 e} 9 19 29

— July [ August { 1983
harvesting dote

Fig. 73. Effect of postponement of harvesting on machine yields (lower curves) and apparent yields
{upper curves) of soybean planted on 17 March (O) and 13 April (#). Numbers alongside the curves
refer 1o rainfall (mm day™) for that period.

The first crop showed a yield decrease of 20-30 kg ha™! for each day the harvest
was postponed. For the second crop delaying harvesting did not result in yield
decreases, probably because of lower rainfall during harvesting (Fig. 73). The
longer the harvest was delayed, the greater the mowing, threshing and cleaning
losses of the first crop. These losses varied from 4 to 14 per cent of the apparent
yields. For the second crop these losses varied between 6 and 11 per cent, but
were not related to the period of postponement.

It may be concluded that timeliness losses for soybean harvesting are rather
unimportant, provided harvesting takes place when conditions are not too wet.

8.3.2.4 Groundnut
In groundnut cultivars like Matjan the number of pods is determined in an early
stage of development but pod filling continues over a long period provided the
foliage remains healthy. Consequently, early harvesting can be detrimental to
yield,

Mechanized harvesting was carried out in two steps. The first step included
lifting, shaking and windrowing, and the second step consisted of stripping
(threshing) with a pick-up combine.
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The optimum time for lifting depends on the maturity of the pods, the condi-
tion of the vines, and on the weather while the crop is in the windrow. As a
rule of thumb, the time for lifting was considered to be optimum when 75 per
cent of the pods showed dark discolouration on the inside of the hull.

Studies on the effects of timeliness on groundnut harvesting should include
variations in the time of lifting and in the time of stripping, preferably according
to an orthogonal design. In practice, however, it was not possible to maintain
such ideal schemes.

Three harvesting experiments were carried out on ¢rops planted in 1979, 1980
and 1983. The 1979 experiment suffered from leaf spot diseases and leaf rust,
s0 that the results of this experiment cannot be considered representative. The
1980 experiment focused on the effects of postponing lifting. The 1983 experi-
ment best approached the optimum design. There were two sowings: 14
November and 3 December 1982, The first crop was lifted 99, 102, 110, 117,
124 and 134 days afier sowing and the second crop 105 and 115 days after sow-
ing. It was intended to thresh 4 and 11 days after lifting, but weather conditions
and technical restrictions prevented this. Lifting losses were determined by dig-

Table 85. Effects of postponement (days) of lifting and stripping on groundnut
machine yields (tha™').

Time of Postponement of Machine Lifling Rainfall’y
lifting®) yield loss®)
Tifting stripping

Plantcd on 14 November [982; first lifting on 21 February 1983

99 0 8 2.82 0.28 11.3
9 275 10.8

102 3 6 3.067 0.31 8.3
12 "2.09 9.4

110 1t 4 2.66 0.57 2.7
12 272 2.2

117 18 5 237 0.38 0.9
17 0.85 4.1

124 25 10 251 0.50 6.3
19 0.88 6.8

134 35 9 1.06 7.5

Planted on 3 December 1982; first lifting on 18 March 1983

105 0 10 2.69 0.48 6.3
19 1.87 6.8
26 0.36 8.1
115 10 9 325 0.62 7.5
16 2.61 94

*) Days after planting.
by See text.
) Rainfall (mm d™') during windrow period.
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ging by hand and searching 1 m of a groundnut bed (i.e. 4 rows) after the lifting
machine had passed.

Table 85 shows that lifting losses increased with postponement of lifting.
However, these losses were smaller than the decreases in yield obtained when
stripping was postponed. This was confirmed by multiple regression analysis,
from which it followed that yield losses could be described by the equation

L = l.|8xlz + 4.78 Xzz,

where L = machine yield loss, kg ha',
x, = postponement of lifting, days, and
x; = postponement of stripping, days.

This equation shows that a one-day delay in stripping results in the same loss
as a 4-day delay in lifting. If harvesting is to be postponed, the delay should
be divided over lifting and stripping in the ratio 4:1, to minimize yield losses.
This is also demonstrated by Fig. 74, where isoquants of yield losses in relation
to postponement of lifting and stripping are presented.

The yield losses were probably affected by rainfall (Table 85), but the number
of data was too limited to be able to separate the influence of rain from the
effects of postponement of harvest.

The above equation was used to calculate the yield losses for the 1980 experi-
ment {Table 86). These calculated losses plus the recorded machine yields were
considered to be estimates of the yields that would have been obtained if the
crop had been lifted and stripped at 89 days after planting. The range of these
estimates was 2.08 — 2.23 t ha™!, with an average of 2.17 t ha™'. Subtracting the
calculated losses from this average resulted in the calculated yields shown in
Table 86. The latter were in good agreement with the measured yields. Although

posiponement of stripping, days
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Fig. 74. Map of isoquants of losses caused by postponing the lifting and stripping of groundnut.
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Table 86. Effects of postponement (days) of lifting and stripping on calculated and measured
machine vields of groundnut (t ha™"). Planted 17 July 1989; first day of lifting 20 October 1980,
For explanation see text.

Time of Postponement of Calculated Measured  Rainfall?)
lifting®) yield
lifting stripping loss yield

89 0 4 0.08 2.09 212 42

91 2 2 0.02 215 2.19 0.0

93 4 3 0.06 211 201 0.6

9% 7 pA 0.08 .09 205 2.5

98 9 2 0.11 2.06 2.05 0.0
100 11 4 0.22 1.95 2.01 0.0

*) Days after planting.
b] Rainfall (mm d™') during windrow period.

Table 87. Effects of postponement of lifting and stripping on machine yields (t ha"] of groundnuts
infected by leaf spot discase and leaf rusi,

Time of Postponement of stripping, days after lifiing
lifting®)

0 1 2 3 4 6 9 12

Planted on 7 May; first lifting on 7 August 1979

92 1.29 1.05 1.37 1.16 17 1.39 0.15
96 1.65 1.10 1.47 0.43 0.78 0.07 0.29
100 0.87 0.42 0.28 0.00 0.19 0.14

104 0.29 0.12 0.12 0.12 0.07

Planted on [7 May; first lifting on 18 August 1979

93 1.88 1.44 L5t - 1.00 1.09 1.13 1.07
96 142 0.95 1.31 1.02 0.85 0.69 0.89
99 0.49 0.64 0.55 0.69 0.85 0.33

102 024 0.21 0.24

Planted on 30 May; first lifting on 30 August 1979

92 2.34 2.55 217 213 2.23 1.31
94 2.59 211 2.21 1.85 1.89 1.83
96 1.48 2.03 1.73 1.74 1.35

98 1.71 1.55 1.32

8 Days after planting.

the calculated yields are not independent of the recorded yields, it is probably
still justified to conclude that the results shown in Table 86 do not give cause
to reject the above equation.
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Fig. 75. Effect of postponing lifting and stripping on yield losses (t ha™) of diseased plants (1979
experiment), compared with the losses calculated for healthy plants (1983 experiment),

This was not true for the 1979 experiment, in which the plants were heavily
infected by leaf spot and rust and the fields were weedy. Postponement of both
lifting and of stripping resulted in much higher losses than in the 1983 experiment
(Table 87; Fig. 75). The weakened vines broke during lifting and many pods
remained in the soil. These results underline once more that disease control is
a major requirement for groundnut growing in the Zanderij area.

In conclusion, if the crop is healthy but it is impossible to harvest at the right
time, it is better to postpone lifting rather than postpone stripping, whereas
if the crop is diseased it should be lifted as early as possible.
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9 Synthesis: mechanized annual cropping

9.1 Aims and assumptions

In this chapter the available experimental results are synthesized into mecha-
nized management systems for use on the Zanderij soils for each of the food
crops studied except cassava. To this end it was assumed that the crops are
grown on the loamy soils of plateaus and upper slopes, cleared from forest some
years ago and free from remnants from the original vegetation so that there
are no physical obstructions to mechanized farming. Further it was assumed
that as a result of previous lime and fertilizer applications soil fertility has been
improved to the steady state level (Sections 6.5 and 7), i.e. pH(H,0) around
5.5, P-Bray-1 15 mg kg, exch. K 0.7 mmol kg, exch. Mg 2.0 mmol kg™ (ionic
equivalents).

All the field operations and crop husbandry measures including amounts of
fertilizers and pesticides are presented per crop, and the costs per hectare of
labour, machine use and other inputs are calculated for each crop. It should
be emphasized that the quantitative information is not always firmly based on
experimental results. In some instances preliminary results have been extrapo-
lated and sometimes even assumptions have been made. 1t was nevertheless felt
that a synthesis without an indication of production costs would not be com-
plete.

Cropping seasons are defined and a cropping calendar has been set up taking
into account the requirements of the different crops and the climate-related
workability problems with soil preparation, planting and harvesting.

As yet there is insufficient experimental evidence to be able to specify which
farming systems the crops studied could be part of. For instance, virtually no
research was done on crop rotation. Nevertheless sufficient knowledge was
available to design a cropping pattern and a labour diagram for a one-man farm
on the loamy soils of the Zanderij arca.

9.2 Crop production costs and returns
9.2.1 Costs of material inputs

The material inputs needed for the various crops are presented in Table 88,
which was derived from the recommended cultural measures mentioned in Sec-
tion 7. The table also mentions target yields as defined in Section 6.5.1, and
machine vields. The difference between them was estimated from the results
of Section 8. Nutrient concentrations of fertilizers and prices of fertilizers and
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other products (Table 89) refer to the situation in 1983. The fertilizer prices
were those actually paid for medium-sized quantities off-harbour plus SRG 0.05
per kg to cover costs of transportation from dock to farm.

The prices of pesticides were prices for relatively small quantities bought from
local suppliers. Inoculum not being available locally, the material was air-
freighted from USA to Suriname to avoid deterioration in transport. These extra
costs have not been included.

Table 88. Yields and material inputs®) requ'ircd for crops that might be grown on a mechanized
furm in the Zanderij area. Expressed in kg ha™' unless stated otherwise.

Maize Sorghum  Soybean Ground-  Cowpea®)
nut

Target yield, t ha™ 4.5 3.5 25 4,0 1.25
Machine yield, tha™! 40 3.25 225 30 1.1
Seed 18 5 40 100 40
Alachlor 24 24 24 2.4 24
Monocrotophos, 1 ha™! 0.5 - - - -
Chlorothaleni), | ha™ - - - 8.75 -
Inoculum - - 12 12 -
Fertilizers applied at planting

ureum 189 156 - - -

triple superphosphate 211 105 211 105 53

muriate of potash 100 80 120 120 &0

kieserite 188 - 94 188 -

Fertilizers applied at four weeks

after planting
ureum 189 167 -
rauriate of potash 100 80 120 - -

#) To he inputs should be added the lime for maintaining soil pH (CaCOj; at a rate of 1 t ha™
Ecr year). The quantity per crop depends on the number of crops grown per year.
) For mungbean the requirements are the same, except that only 10 kg of seed is needed.

Table 89. Prices of inputs (SRG per kg) and contents of nutrients (g per kg)
in the fertilizers used.

Price Nutrient content

Seed, maize, sorghum 1.00

soybean, cowpea, mungbean 2.00

groundnut 3.50
Alachler 26.00
Monocrotophos (SRG per 1) 26.00
Chlorothalonil (SRG per 1} 33.60
Inoculum 2.25
Ureum 0.47 450(N)
Triple superphosphate 0.571 190 (P)
Muriate of potash 0.508 500(K)
Kieserite 0.405 160 (Mg)
Lime 0.25
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Though planting material may be produced on the farm, in practice quality
seed will normally be purchased from a seed firm, and therefore seed can be
an important cost item, as in the case of groundnut.

The data in Table 88 and Table 89 have been combined to calculate the cost
of inputs per crop per ha (Table 90). The cost of lime (SRG 250 per year) which
is applied once a year is divided evenly between the crops, assuming that there
are two crops per year. The cost of material inputs is by far the highest for
groundnut because of the high prices of seed and fungicides (chlorothalonil),
and is the lowest for cowpea and mungbean because of their modest fertilizer
requirements. Maize, soybean and sorghum have an intermediate position.

9.2.2 Costs of machines

The field operations required for each crop are stubble clearing by mowing,
primary and secondary soil tillage (ploughing and harrowing, respectively),
planting combined with band placement of fertilizers, (planting and fertilizer
application are separate operations for groundnut), pre-emergence application
of the herbicide alachlor with a tractor-mounted sprayer, harvesting (for
groundnut lifting and stripping with special equipment; combine harvesting for
the other crops), and artificial drying of the harvested products. A second fertil-
izer application, side-dressed at four weeks after planting, is necessary for maize,
sorghum and soybean. In addition, maize requires application of the insecticide
monocrotophos, and groundnut requires five two-weekly applications of the
fungicide chlorothaionil starting at four weeks after planting; both types of
applications are carried out with a tractor-mounted sprayer.

It was attempted to estimate the cost of these operations. The calculations
were based mostly on tractor power and equipment as used in the project (see
Section 8.1). Exceptions are that a combined harvester with a slightly larger

.

Table 90. Cost of material inputs (SRG per ha} for various crops.

Maize Sorghum  Soybean Groundnut  Cowpea®)

Seed 18 5 80 350 80
Alachlor 62 62 62 62 62
Monocrotophos 13 - - - -
Chlorothalonil - - - 294 -
Inoculum - - 27 27 -
Ureum 178 147 - - ~
Triple susperphosphate  [2(} 60 120 60 30
Muriate of potash 102 81 122 61 41
Kieserite 76 - 38 76 -
Lime 125 125 125 125 125
Total 654 480 574 1055 338

#) For mungbean the cost of seéd is SRG 20 per ha and the total cost is SRG 278 per ha.
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capacity was chosen, and that a spring-tine cultivator was used for harrowing.
Task times were calculated taking into account the capacity of the machines,
and assuming a field size of 300 x 100 m and an average travelling distance
of 500 m from farm to field (Table 91). The operations are carried out by one
person, the farmer, with the exception of harvesting which is done by two per-
sons, i.e. the contractor with the combine and the farmer with the grain transport
equipment.

The task times calculated in Table 91 were used to estimate man-hour and
implement hour requirements for the various crops (Table 92). The number of
tractor hours required equals the sum of the implement hours except for the
hours of the self-propelled combine. The number of man-hours required is the
sum of tractor hours and combine hours.

Table 93 gives the cost per implement hour; it does not include interest on
investment, housing, taxes or insurance. The calculation of implement hours
per year is based on a farm with a cropped area of 39 ha and two crops per
year, mainly soybean and groundnut (Section 9.5).

Lifetime repair costs of a machine were taken as a fraction of the new cost;
fraction values were adapted from ASAE (1986) as follows. The average was
calculated of the useful life working hours as assumed by ASAE and the life
implement hours found in the project. The ratio of this average to the useful
working hours according to ASAE, was multiplied by the lifetime repair costs
given by ASAE. The reasoning behind this was that if a machine works less
or more than the standard working hours, some of its repair costs will become

Table 91. Farm equipment capacities, task times and {ue! cansumption.

Working  Working Praduct®}  Bin Taskb) Fuel

width speed mass capacity  time consumption
m kmh'!  kgha! kg hha! 10!
Mower 1.8 7 - - 1.32 1.4
Plough 09 6 - - 329 82
Harrow 28 7 - - 0.92 6.9
Planter, maize 30 6 TH0%) - 1.51 5.9
others 20 6 700% - 2.01 5.7
Sprayer 12.0 6 400 800 0.69 40
Fertilizer spreader 8.0 6 100-250 600 0.64 37
8.0 6 250-400 600 0.72 37
Lime spreader 6.0 6 1000 600 100 3.7
Groundnut lifter 20 5 - - 1.80 6.8
Groundnut stripper 2.0 5 3250 1000 242 6.4
Trailer, groundnut - - - - 2.42% 29
Combine harvester 3.0 6 4600 2500 1.524) 10.5
Trailer, other cropsd) 30 6 - - 1.52 2.7

") Product applied or harvested.

b) IMAG 56: Task times for field work, IMAG-Dataservice, Wageningen, the Netherlands.
) Sum of seeds and fertilizers.

%) Trailer to transport the harvested products to the dryer.
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Table 95. Production costs and returns for the various crops in SRG per ha.

Maize Sorghum Soybean Grourtdnut  Cowpea®)

Conventional tillage

material inputs 694 480 574 1055 338

machine costs 367 376 375 547 366

artifical drying 100 8} 56 150 28

labour costs 119 117 117 184 [14

total costs 1280 1054 1122 1936 842
Production, t ha™! 4.0 3.25 2.25 3.0 1L
Cost per tonne produce 320 el 499 645 765
Price per tonne produceh) 273 286.2 525.6 718.2 600%)
Returns [092 930 1183 2155 660
Net balance per ha -188 -124 +61 +219 -182
Net balance/cost -0.15 -0.12 +0.05 +0.11 -0.22
No tillage; production set a1 0.8 times production with conventional tillage

total costs?) 1259 1037 1110 1905 835

returns 874 744 946 1724 528

nct balance -385 -293 -164 -181 -307

%) For mungbean the cost of malerial inputs is SRG 278 (Table 90); hence total cost is SRG 782
and cost per tonne of produce SRG 711,

by World market cif prices 1981.

) As there is no world market for cowpea and local prices fluctuate strongly, this amount of
SRG 600 should be considered as a rough estimate.

9) For explanation see text.

is at least partly used to pay interest on investment, housing, taxes and insurance,
the net income to the farmer can hardly be positive for any crop. The cif prices
used in Table 95 have to be paid if these commodities are imported from abroad.
The farmers receive lower prices, and this makes it even less likely that farming
will be profitable. If no tillage is practised the ploughing and accompanying
tractor and labour costs (SRG 31.26 + 18.82 + 30.93 = 81.01) are saved. There
are extra costs, however, for one herbicide application (SRG 62 + 7.55 + 3.95
+ 6.49 = 79.99), whereas production will be about 80 per cent of that obtained
with conventional tillage (Section 6.3.2.). This reduces drying costs, but also
reduces the returns, The net balance is always negative, even for groundnut and
soybean (Table 95), so that no tillage cannot be considered a realistic alternative
for conventional tillage.

Only if inputs are subsidized or if prices that are higher than the cost prices
can be guaranteed, does mechanized annual cropping have a chance. It needs
to be emphasized that this conclusion is based on comparison of costs and
returns per crop only. Aspects such as crop rotation and farm size have not
been taken into account,
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9.3 Cropping calendar

Optimum growing periods as discussed for various crops in Section 6.1 and
Section 7 have been combined for various crops in Fig. 76. In this and the follow-
ing diagrams the cropping year begins in Week 43, which is around 20 October.
By that time the crops grown during the long rainy season have usually been
harvested and field preparations for the following short rainy seasons can start,
The growing periods in Fig. 76 were set at 15, 13, 16, 14, 10 and 10 weeks for
maize, sorghum, soybean, groundnut, cowpea and mungbean, respectively.
Maize should be grown only during the long rainy season, and sorghum only
during the short rainy season. Soybean and groundnut can be grown in both
seasons. For cowpea and mungbean no clear optimum growing periods were
found.

The optimum growing periods shown in Fig. 76 were established in small,
mainly hand-operated trial plots. Whether in practice mechanized farming can
make use of these optimum periods depends on the workable time that is avail-
able for tillage operations, planting and harvesting in relation to the area
cropped and the machine capacity available.

It is self-evident that the farmer will maximize the area under the most profit-
ablecrop, i.e. groundnut. It is probably advisable, however, to avoid continuous
cropping of groundnut, although the results of the studies on this have not yet
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Fig. 76. Optimum growing seasons for six crops. The left and right obligue linesindicate the periods
of planting and harvesting, respectively.
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given conclusive answers (Section 6.7). It is also obvious that soybean, the sec-
ond most economically attractive crop, is the first crop to consider for a rotation
with groundnut. Since the time available for planting groundnut and soybean
is limited, especially in April and June, it might be necessary also to grow crops
that can be planted in other months. Table 95 suggests that sorghum would
be such a crop. However, its optimum sowing time in the short rainy season
is the same as that of soybean and the crop is susceptible to fungal diseases
during ripening, therefore sorghum is not seen as a suitable crop in a rotation.
If possible, during the short rainy season the entire area should bhe sown with
groundnut and soybean. If this is not possible, cowpea and mungbean can be
sown in the remaining area in January,

In April there is not much time for sowing. The time available after the har-
vesting of the short rainy season crops is very short. Sowing in May is practically
out of the question because of the rains. This leaves March as the only sowing
month and maize as the only crop to fall back on. Later, i.e. after June, cowpea
and mungbean can be planted on the plots that then are still unoccupied. Al-
though maize is not financially more attractive than cowpea and mungbean,
it is preferred 1o these crops, because it has the advantage of leaving a substantial
quantity of organic material on the soil, thus contributing to the maintenance
of soil organic matter. Mungbean has lower production costs than cowpea, but
because of its specific use, and hence the limited demand for it, the area planted
to mungbean will in practice be smaller than the area planted to cowpea.

In conclusion, the order of attractiveness is groundnut, soybean, maize, cow-
pea and mungbean. A rotation scheme should be based as much as possible
on groundnut and soybean, with the other crops used only to fill the gaps.

9.4 A farm-system design for the Zanderij soils
9.4.1 Cropping pattern and labour diagram

In this section an attempt is made to design a cropping pattern and labour dia-
gram for a one-man farm on the Zanderij soils. At present, such a farm is hypo-
thetical, and it seems almost pointless to design one, especially as most crops
cannot be grown profitably (Table 95). But profits depend on price ratios; all
crops studied would have a positive net balance if produce prices were 20 per
cent higher and the costs remained the same as assumed in Table 93.

The most important motivation for designing such a farm is that it offers
the opportunity of practically applying and integrating the results of the various
experiments done during the project. In this way, such a hypothetical farm plan
draws together all the findings of the project.

The following requirements and conditions were taken into account when
designing the cropping pattern and labour diagram.

1 Fourcropsare grown in the most profitable way. The order of their profitabi-
lity is: groundnut > soybean > maize > cowpea.
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2 Sowing periods are: December and June for groundnut, November and April
for soybean, mid-March to the end of April for maize and August to January
for cowpea. Their growth cycles take 14, 16, 15 and 10 weeks, respectively.

3 The farm consists of parcels of 300 x 100 m, i.e. the same dimensions as
used in Section 9.2.2 for the calculation of machine costs.

4 The same crop may not be grown on the same parcel for two consecutive
seasons.

5 Workable hours for field operations are the average numbers shown in Figs.
67, 68 and 70. Workable hours for planting are equal to those for harrowing
minus the time that it is too dry for ploughing. For fertilizer and biocide
application only the upper moisture content limit of ploughing is restrictive.
In the case of groundnut the workable hours for lifting are the same as those
for ploughing.

6 The standard field operations are stubble mowing, ploughing, harrowing,
planting, fertilizer application, spraying of herbicides, insecticides (for maize
only) and fungicides (for groundnut only), second fertilizer application and
harvesting,

7 The time interval between stubble mowing and ploughing should preferably
not exceed one week. The same holds for the interval between ploughing
and harrowing.

8 Harrowing, planting and fertilizer and herbicide application of a particular
parce] should be done within the same week,

9 Lime is applied before the short rainy season, between stubble mowing and
ploughing.

10 In peak labour periods the priority order of crops is: groundnut, soybean,
maize, cowpea, and that of operations: harvesting, planting (including har-
rowing and fertilizer and herbicide application), ploughing, mowing and lim-
ing.

It Labour peaks with more than 40 field hours per week should be avoided
as much as possible; 50 hours per week forms the upper limit. In Weeks
51, 52 and 1, field work should be restricted to approximately 30 hours per
week.

Time requirements were derived from Table 92 and standardized in hours
per parcel as follows: mowing 4, liming 3, ploughing 10, combine harvesting
5. In Fig. 77, S stands for sowing, and includes harrowing, planting, fertilizer
and herbicide application. Time requirements per parcel are 10 hours for maize,
i1 for soybean and cowpea, and 13 for groundnut. Lifting of groundnut requires
a little less than 6 hours and stripping a little more than 7 hours; usually these
operations are carried out in the same week, requiring 13 hours per parcel.

The sequence of the planning of Fig. 77 was as follows. First the maximum
number of parcels that can be planted to groundnut in December was calculated
and next the number of parcels that can be planted to soybean in November.
It was checked whether there was sufficient workable time in March and April
to harvest these crops. Then it was calculated how many parcels can be planted
to groundnut in June and to groundnut in April, again checking whether these
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Fig. 77. Cropping patiern and labour diagram for a farm system on the Zandcrij soils. M = mow-
ing; L = liming; P = ploughing; Sc, Sg. Sm and Ss = sowing including harrowing, fertilizer and
herbicide application for cowpea, groundnut, maize and soybean, respectively, F = second fertilizer
application, 1 = insecticide application, B = biocide (fungicide) application, H = combine harvest-
ing, LS = lifting and stripping of groundnuts. Numbers below the letters indicale the number of
hours spent on that operation during a particular week.

crops can be harvested.

In December seven parcels can be planted to groundnut and in November
six can be sown to soybean. It is possible to plant another parcel with soybean,
but that would imply labour peaks of more than 50 hours per week during both
planting and harvesting. Theoretically there is time available in January to plant
cowpea. But this crop matures in March and April, and there is no time to har-
vest it. In June no more than four parcels can be sown to groundnut; the area
is limited by the hours workable and the occurrence of labour peaks. Taking
into account the time available for groundnut harvesting, the number of parcels
that can be planted to soybean in April is limited to five. Thus, of the six parcels
grown with soybean during the short rainy season, only four can be used for
groundnut in the long rainy season. The remaining two parcels can be planted
to maize in the second half of March. As not more than five parcels out of
the seven grown with groundnut during the short rainy season can be used for
soybean during the subsequent long rainy season, the remaining two have to
be planted to cowpea. Tt then is too late to plant maize,
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Fig. 77 shows that labour peaks occur in December and from mid-March
to mid-April, and that tabour pressure is low in January, February, May, mid-
August to mid-September. Weeks 41 and 42, i.e. roughly between 5 and 20
October, can be made free for holidays.

In conclusion, workable time and labour peaks determine that the maximum
number of cropped parcels for a one-man farm is 13, i.e. a total area of 39 ha.

Note that the scheme of Fig. 77 was based on average weather conditions
and related numbers of workable hours. If it is not possible to plant soybean
and groundnut as indicated in the scheme, the farmer can plant the remaining
parcels to cowpea in January and August. If the weather is very favourable,
more than four parcels can be planted to groundnut in June, at the expense
of cowpea planned for August. Replacing soybean or maize by groundnut and
maize by soybean will seldom be possible, because groundnut is planted later
than soybean and maize, and soybean is planted later than maize.

9.4.2 Crop rotation

If the cropping pattern of Fig. 77 were repeated year after year the same crop
would always be grown on the same parcel in the same season. Maize would
be confined to Parcels | and 2, and cowpea to Parcels 12 and 13. This may
not be desirable. Therefore, a rotation scheme was set up to overcome some
of these specific problems.

Fig. 77 shows that in March maize can be planted only after the soybean
that was planted in Week 435. Similarly, in Week 15 soybean can be planted
only after the groundnut that was planted in Week 49 or perhaps 50. For cowpea
and groundnut sown in the long rainy season there are no restrictions in this
respect. In practice, the sequence of sowing will be as indicated in Fig. 77, and
the combination of the short- and the long-season crops on a particular field
can be considered as fixed. To facilitate the discussion, these crop combinations
will henceforth be denoted by the codes shown in Fig. 78, where a scheme for
two successive years is given. A complete rotation scheme comprises 13 years
or 26 growing seasons. In the short rainy season each parcel is planted six times
to soybean and seven times to groundnut, and in the long rainy season five
times to soybean, four times to groundnut, twice to maize and twice to cowpea.

One of the prerequisites is that maize and cowpea are evenly distributed over
the years. In Fig. 78 the crop combinations Ss1-MI1, Ss2-MI2, 8s3-Gl1 and Ssd-
G12 move from Parcels 1-4 to Parcels 3-6. The combinations 8s5-Gl13 and Ss6-
Gl4 cannot be transferred to Parcels 7 and 8, because here soybean is grown
in the long rainy season of the first year. They can go either to Parcels 1 and
2 after maize, or to Parcels 12 and 13 after cowpea. The consequence of Ss5-G13
and Ss6-Gl4 after maize would be that in the short rainy season Parcels 1-6
are always planted to soybean and Parcels 7-13 to groundnut. Therefore Ss5-Gl13
and $s6-Gl4 were not allocated to Parcels 1 and 2 but to Parcels 12 and 13
in the second year. The first-year combinations of these parcels, Gs6-Cl1 and
Gs7-C12, cannot move to Parcels I and 2 in the second year, because cowpea
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after maize would be in conflict with the requirement of an even distribution
of these crops over the years of the rotation. So, Gs6-Cll and Gs7-CI2 go to
Parcels 10 and 11, and similarly the first-year crops of Parcels 9, 10 and 11 move
to Parcels 7, 8 and 9 in the second year. Finally, for Gs1-811 and Gs2-812 there
is no choice other than Parcels 1 and 2 in the second year.

The complete rotation scheme for 13 years is shown in Fig. 79. Each parcel
has exactly the same crop sequence, e.g. the sequence of Parcel 1 starts on Parcel
2in Year 7, on Parcel 3 in Year 2, on Parcel 11 in Year 11. In this sequence,
maize is grown in Years | and 8 and cowpea in Years 5 and 11 (Parcel 1) thus
satisfying the requirement of an even distribution.

The main purpose of this excercise was to call attention to the peculiarities
that are connected with designing a balanced crop rotation for a mechanized
farm on the Zanderij soils. In practice many factors, especially weather condi-
tions, will lead to deviations from such a scheme, making it even more difficult
to follow a sound crop rotation.
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10 General discussion and conclusions

In Section 1 the objectives of this project were described as follows:

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 the constraints;

3 toindicate 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.
In this section the main research findings are summarized and conclusions

that have implications for farming practice are drawn.

10.1 ‘The change from forest to annnal crops

Since the structural stability of the Zanderij soils is low and the soils are often
wet because of the humid climate, clearing with heavy machinery easily leads
to soil compaction. Windrowing can be particularly destructive.

To reduce soil damage, clearing should be done during the long dry season
when the vegetation has used most of the soil moisture. But rain during this
season is no exception and a heavy shower may call for an immediate halt to
clearing operations until the soil is sufTiciently dry again. After uprooting the
trees, evapotranspiration is reduced and a long period of dry weather is required
to dry out a bare soil. The best method is to allow the uprooted vegetation
to dry, then to burn it, and to delay windrowing until the next long dry season,
so that a living cover can be established in the ash-enriched soil. Such a cover
will reduce runoff and erosion, keep some of the nutrients in circulation, pro-
mote water loss from the profile through transpiration and provide a better
support for the tractor when it is piling the debris. This appreach, however,
results in an inefficient use of the heavy ¢quipment and makes clearing very
expensive. Contractors will not be interested. If land is to be cleared for agricul-
ture the farmer or the agricultural development authority should be the owner
of the equipment and should be the employer of the operators,

The risk of compaction might further be reduced by decreasing the distance
between windrows, even though this initially leads to a less efficient use of the
land. During the long dry seasons of subsequent years pairs of burnt windrows
must be combined to give a new stack halfway between the former pair, This
should be repeated until no debris remains to be burnt.
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Immediately after clearing the land is not suitable for cultivation, because
it is uneven and contains wood and roots that can interfere with mechanized
field operations. The smaller depressions are filled with soil during windrowing,
but not enough to level the field. Under regular tillage practices the situation
gradually improves. In large-scale farming systematic levelling may be inevita-
ble. The methods and the equipment to be used and their effect on soil fertility
need further investigation,

At Kabo, the wood and roots that remained after clearing were removed by
hand after passes with a heavy disc-harrow. It took many man-days and two
years of regular cultivation before the plough layer was virtually free from such
wood and root debris. For large areas mechanized methods must be developed
to clear the plough layer from such debris,

The chemical fertitity of the Zanderij soils is low and shows a very large varia-
bility. Upon clearing the variability increases, especially irregular burning leaves
pockets of enrichments with phosphorus, potassium, calcium and magnesium.
The cation exchange capacity of the soils is too low to retain the cations. Within
a year the major part of the nutrients released (except phosphorus) has been
lost by leaching. Soil tillage, fertilizer application and nutrient removal by the
crops gradually reduce the heterogeneity in chemical fertility. The effects of
former windrows, caused by accumulated topsoil and ash, last longer.

The soil and litter fauna present under forest virtually disappear upon mecha-
nized clearing. Gradually another fauna is established under annual crops. Rela-
tionships between soil animal population and soil organic matter content were
weak.

10.2 Factors limiting the production of annual crops

Climate

Theoretically, in the Zanderij area the highest dry-matier production would be
obtained if crops were grown during the long dry season, because relative dura-
tion of sunshine in that season is high. This would require irrigation. Rainfed
agriculture requires a reliable distribution of rainfall. Only the long dry season
and the long rainy season are reliable as regards rainfall, but neither their begin-
ning nor their end is predictable. This erratic rainfall pattern affects crop growth
(because of drought periods) and workability for mechanized field operations
(because of excessive wetness or dryness of the soil). It makes careful planning
of farming operations difficult but essential, and requires analysis of long-term
climatic data.

Soils

Once cleared for annual crop production, the soils of the Zanderij formation
are susceptible to erosion, losing topsoil during periods of heavy rainfall. No
erosion research was done, so no data are available on the slope characteristics
at which the land can be safely used for annual crops. Erosion was not a problem

Wageningen Agric. Univ, Papers 90-5 { 1990) 187



in the project because the plots were small and the slopes were gentle. Erosion
occurred locally, particularly shortly after planting, but no long-term effects
were observed. When planning the layout of a farm or the position of windrows
during clearing, erosion should nevertheless be taken into account; natural
drainage systems should be maintained as much as possible and annual cropping
should be restricted to the more or less level plateaus.

Frequent deep tillage is essential to keep the soil sufficiently loose and to incor-
porate lime and fertilizers in the top 25-30 cm of the soil, thus improving root
distribution and reducing the crops’ sensitivity to drought. The loosening effect
usually does not last longer than one growing season. No tillage or minimum
tillage were not successful. Irrespective of the method of tillage, a compacted
soil tayer develops between 20 and 40 to 50 em depth. It can be removed by
ploughing if it occurs within the first 25 cm, At greater depths subsoiling would
be required, but its effect on crop yields has not been conclusive. As it has to
be repeated to maintain its effects, it is not economic.

As roots hardly grow deeper than 30 cm and because of the light texture of
the brown loams, moisture stress occurs after about five days without rain. This
is one of the main reasons why sandier soils are unsuitable and only brown
loams should be considered for annual crops. Moisture stress might appear,
even during the long rainy season.

Crops differ in sensivity to drought. In order of decreasing sensitivity: maize,
sorghum, soybean, groundnut, cowpea and mungbean. The position of cassava
is somewhere between groundnut and cowpea. Planting at the optimum time
is the best way to cope with the low water-holding capacity of the soils (Fig.
21 and Fig. 76).

After clearing, lime and fertilizers should be applied, first at relatively high
rates to bring the soil to a so-called steady state level, and from then onwards
at lower rates to compensate for the removal by crops and leaching. The steady
state level is characterized by pH(H,0) around 5.5, P-Bray-I 15 mg kg™, ex-
changeable K 0.7 mmal kg™', ioni¢ equivalents of exchangeable Mg 2.0 mmol
kg . To reach this state, applications of two tonnes of lime, 150 kg P, 200 kg
K and 50 kg Mg per year are required during two consecutive years.

After that, the annual applications per ha, i.e. for two crops, should be: one
tonne of lime, 45 kg P, 180 kg K and 45 kg Mg for a crop rotation as outlined
in Section 9.5.2 where groundnut and soybean each occupy about 40 per cent
of the area cropped per year and maize and cowpea each occupy about 10 per
cent of the area cropped per year. Of these crops only maize demands nitrogen
fertilizer, which should be applied at a rate of 170 kg N per ha per season. To
avoid any possible deficiency of micronutrients 25 kg FTE per ha can be applied
every three years.

The yield levels that can be expected with these fertilizer dressings are 4.0,
2.5,4.5and 1.25 t ha™ for groundnut, soybean, maize and cowpea, respectively,
provided the crops are planted at the optimum time. Machine yields will be
somewhat lower: 3.0, 2.25,4.0and 1.1 t ha™!, respectively.
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Pests and diseases

Insects known as pests for crops are not present in the forest, but their popula-
tions can build up quickly, because after clearing, the ecosystem is initially unsta-
ble because there is no control by predators or parasites.

The main pests were fall army worm and borers for the cereals, and leafhop-
pers and leaf feeding beetles for the grain legumes.

Groundnut is the most susceptible crop to diseases, especially to leaf spot
and rust. Chemical control can prevent large reductions in yield. During wet
conditions head blight and grain mould were common in sorghum, and leaf
blight in maize.

Nematodes present in forest soil disappear upon clearing, problably as a joint
result of microclimatic changes in the bare soil, burning, and the absence of
host plants. Later, other nematode species can be imported via planting material
and agricultural equipment.

At both Kabo and Coebiti, pests and diseases did not cause insurmountable
problems. The two farms were isolated and occupied relatively small areas, and
no crop was grown continuously in the field. Expanding the cultivated area could
induce ecological changes and perhaps increase the pest and disease problems.

Weeds
Recently cleared areas are virtually free from herbaceous plants at first, but
weeds soon colonize the field. Almost all weeds are introduced from elsewhere.
Weeds can significantly depress yields. Mechanical weed control is insuffi-
cient. Pre-emergence application of alachlor is recommended as standard prac-
tice, if necessary followed by a post-emergence application of atrazine. Noxious
weed species require special attention. If the weed flora is regularly surveyed
so that such weeds can be spotted at an early stage, they can still be exterminated
with comparatively little effort.

10.3 Promising crops

A number of yield data pertaining to the crops that received most attention
during this project are compared with yield data from elsewhere in Table 96,
For maize, soybean, and sorghum and groundnut the project averages are re-
spectively lower than, equal to, and higher than the world averages. The highest
yields recorded in the project are 0.88, 0.76, 1.36 and 1.72 times the average
of the best three world producers of maize, sorghum, soybean and groundnut,
respectively. This confirms the conclusion of Section 9.2.3 that groundnut is
the most promising crop for the Zanderij area, followed by soybean,

Low yields can partly be attributed to a wrong timing of planting. The average
yield levels of the crops planted at the optimum time are generally approximately
one-third higher than the overall averages, except for cowpea and mungbean
which were little affected by planting time. The highest yields recorded are gener-
ally 1.6 times the average yields obtained for crops planted during the optimum
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Table 96, Average yields (t ha™') by the best three world producers, world average and some project
vield data for six crops.

Maize Sorghum Soybean  Groundnut Cowpea  Mungbean

World yieldsin 1981

Best three™) 7.3 5.5 33 32 n.d.9 n.d.
World average®) 34 1.5 1.7 1.0 nd, nd.
Project yiclds

All trials®y 28 20 1.7 2.5 1.0 0.8
Atopt. planting date’} 3.5 kR 2.2 34 1.0 0.3
Highest recorded 6.4 4,2 45 55 1.6 14
Target 45 35 2.5 4.0 1.25 1.25
Machine vield 4.0 3.25 225 30 1.1 1.1

*) From FAQ, 1982,
%) Data refer to Greece, Italy and USA for maize; Spain, Ttaly and Peru for sorghum; Yugoslavia,
Italy and Canada for soybean; Israel, USA and Greece {or groundnut.
? Trials under standard cultivation practices.
} n.d. = nodata available.

period, indicating that other factors also played a role. These factors include
tillage operations under too wet conditions, insufficient weed contrel and too
low a pH. Below, other factors are discussed separately for the various crops.

Maize

The standard cultivation measures included a nitrogen application of 120 kg
ha ' and the highest yield was obtained with an application of 240 kg ha™'. For
the target yield of 4.5 t ha! an application of 170 kg ha™' is recommended. The
difference of 50 kg from the standard application corresponds with a yield differ-
ence of 50 x (.4/25 = 0.8 t ha™* (see Tables 32 and 34), bridging the major part
of the gap between 3.5 (vicld at optimum planting time) and 4.5 t ha-!. Note
that the same cultivars performed significantly better on sites of old windrows
and on heavier textured soils in the coastal area, suggesting that soil properties
play an important role. The generally thin stems, a rapidly deteriorating crop
after flowering, the low ear weights and the many barren plants also point to-
wards inadequate soil conditions. This also explains the ofien negative effect
of high plant densities on yield, and may — at least in part — be held responsible
for the high timeliness losses for harvesting during a wet period.

A concerted research effort will be necessary to determine the most limiting
production factors. Until these factors are known, maize should not be grown
beyond experimental scale. Once the limiting factors are known, an extensive
programme should be started to screen cultivars for greater tolerance to the
adverse conditions prevailing on the Zanderij soils. Lack of well-defined screen-
ing criteria might explain the disappointing results obtained in the variety trials.
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Sorghum
The standard nitrogen application for sorghum was 100 kg ha™' and the recom-
mendation for the target yield is 2 x 70 kg. The difference of 40 kg N, correspond-
‘ing with a yield difference of 40 x 0.4/25 = 0.64 t ha! is sufficient to explain
the difference between the average yield at optimum planting time and the target
yield (Table 96). Nevertheless, for the time being the prospects for sorghum
are limited. The necessity of a reliable dry ripening and harvesting period to
avoid infection with grain moulds confines sorghum to the short rainy season,
but that season can better be used for growing groundnut and soybean.

The discouraging results obtained with sorghum are the reason why little has
been done on varietal selection and fertilizing. Virtually all the work has been
based on two cultivars only.

Soybean

The average yield of 1.7 t ha™' includes low yields that have been almost invaria-
bly caused by drought during the podfilling stage. Planting in the long rainy
season can avoid such problems but the unreliable dry weather at the end of
this season may adversely affect ripening and harvesting. Soybean requires a
good soil moisture supply until late in the growing season followed by dry
weather for maturing and harvesting. The more or less gradual change from
rainy to dry season and the soils’ low water-holding capacity mean that such
conditions hardly exist on the Zanderij soils. Cultivars with a longer growing
cycle would better exploit the potential of the long rainy season.

Failures to establish a soybean crop are not uncommon. They can be ascribed
to poor quality seed or to an unfavourable soil moisture regime at the time
of planting. In the humid tropics good quality seed is difficult to obtain. Soybean
seed readily and quickly loses its viability as a result of poor storage, a process
that already starts during ripening if weather conditions are unfavourable. A
soybean industry in Suriname may need a special seed production farm where
soybean is planted late in the long rainy season using supplementary irrigation
to maintain an adequate soil moisture supply until shortly before ripening.

As for the soil moisture regime at the time of planting, there is a very narrow
range of soil moisture values in which germination and emergence are optimal.
This means that the soil is soon too dry or too wet for soybean seed to germinate
even if its quality is good , This may largely explain why the yield of soybean
planted at the optimum time (November and April) is still relatively low. Its
stringent soil moisture requirements make soybean an ideal crop for supplemen-
tary irrigation if fields of good quality seed are to be harvested.

No important pests or diseases have been observed, but this may change with
time if larger areas are sown to soybean,

In conclusion, provided outlets can be found for its seeds or oil soybean might
be a worthwhile crop for the Zanderij area.

Groundnut
Groundnut appears to be a promising crop for the loamy soils of the Zandenj
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formation. An erratic rainfall distribution during the growing season or some
rain during harvesting normally has no disastrous effects. The crop tolerates
drought very well and poses relatively few problems with harvesting.

Yirtually all experience with groundnut, however, is based on the local cultivar
Matjan. This cultivar, though well adapted, is not perfect. The ripe seeds have
no dormancy period and germinate readily when the soil is moist. The cultivar
is susceptible to rust and leaf spot diseases. Being early maturing, Matjan cannot
make optimum use of the long rainy season. Quality aspects such as oil content
and flavour were not criteria when selecting Matjan. The available US-manufac-
tured harvesting equipment is designed for runner-type cultivars whereas Mat-
jan is of the bunch type. Although there is enough room for improvement, these
characteristics are not considered serious bottlenccks that would impede expan-
sion of the groundnut area. Meanwhile, however, an intensification of its cultiva-
tion should be accompanied by a breeding and/or selection programme with
emphasis on these characteristics. So far, no marked improvements have been
recorded with introduced cultivars.

Provided the freshly harvesied pods are dried to a moisture content about
0.08 — 0.09 and then stored under dry conditions, the quality of the planting
material is not a problem. Groundnut has no specific plant nutritional require-
ments except for calcium, the presence of which in the soil is a must for podset-
ting and podfilling.

The leaf spot diseases and rust can be adequately controlled with fungicides
and these control measures are economically justified.

In conclusion, large-scale groundnut production on the loamy soils of the
Zanderij formation would be feasible and is worth further study. A proper rota-
tion needs to be developed, although the possibility of monocropping, growing
one crop a year, should not be excluded.

Cowpea

Cowpea is unlikely to become a crop that will be grown on large areas. In a
humid climate cowpea production forits dry seeds is very risky, as a few consecu-
tive rainy days with little sunshine can cause substantial losses in a ripening
crop.

There are no important cultivation problems. Properly dried seed stored
under dry conditions maintains its viability very well. So far no serious diseases
or pests have been encountered.

The uneven ripening of cowpea poses special problems to combine harvesting,
yielding greenish speckled seeds and thus an unacceptable product if some pods
are still green or some green leaves are still present. The problem can be overcome
by first mowing the crop into a swath and leaving it a few days in the field
to dry before threshing it. This method requires a reliable dry period, and can
therefore be used during the long dry season only. Whatever system is used,
ehe harvested product as such is not marketable and needs further cleaning to
remove stained, shrivelled and split seeds. Though important, post-harvest tech-
nology has not received any attention,
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Mungbean

Mungbean has not received much attention. Like cowpea, with which the crop
has much in common, it is considered a catch crop. Although it may serve this
purpose better than cowpea, mungbean is not expected to be grown on large
areas either. The average yield was lower than for cowpea but this is offset,
at least locally, by a better price.

Mungbean seems less sturdy than cowpea. The much smaller seeds make the
young fragile seedling more sensitive to damage, particularly when the primary
leaves are affected. Also its root system is smaller and the crop is less tolerant
to a low soil pH than cowpea.

Its more even ripening and the relative ease with which the dry pods of the
local cultivar normally open suggest few problems with direct combine harvest-
ing, but little evidence is available on this aspect. As with cowpea, a dry period
is essential if a quality product is to be harvested.

Cassava

Its adaptation to acid, low fertility soils makes cassava a suitable crop for the
Zanderij area. However, mechanization of cassava production being only partly
possible, mechanized large-scale systems cannot yet be outlined. No machinery
exists for the collecting and cutting of cassava stems to prepare planting material.
Mechanized planting may be possible with modified sugar cane or tree planters
whereas topdressing and the application of pesticides could be carried out by
aircraft. Harvesting is still a problem. Machinery is available to lift the roots.
The removal and the chopping up of the aboveground plant parts have not
yet been solved.

I1 should be possible to find technical solutions to overcome the mechaniza-
tion problems. It is doubtful whether a completely mechanized production sys-
tem would be economically feasible. If the end product is cattle feed or cassava
flour, which in Suriname’s climate would require artificial drying, the cost price
is likely to become prohibitive.

10.4 Appropriate machinery

Annual cropping in the Zanderij area is possible only if it is mechanized. It
comprises the following operations and equipment.

Stubble mowing

Weeds and residues of the preceding crop hinder tillage operations and should
therefore be rendered harmless. No special studies were carried out on stubble
mowing. Standard mowers can be used. Workability problems are minimal; only
during rains and as long as the stubble is very wet and the soil is saturated with
moisture, should mowing be delayed.
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Primary tillage
Of the various tillage treatments compared in the course of the project (disc
ploughing, chisel ploughing, rotavating, disc harrowing and no tillage) disc
ploughing turned out to be most satisfactory, resulting in the best incorporation
of lime, fertilizers and weeds, and in the highest yields. On a soil free from wood
debris, a mouldboard plough is to be preferred because it turns the soil better,
resulting in a better control of weeds. Rotavating is not advised, because it dam-
ages the soil structure, the working depth is too shallow and weed control is
poor. Direct seeding can be used once in a while to gain time when the sowing
season is too short or when soil preparation is impossibie because of workability
problems.

The soil can be too dry {hard) or too wet for ploughing; the mass ratio of
moisture to dry soil should be between 0.11 and 0.16.

Secondary tillage
Secondary tillage or seedbed preparation consists in harrowing to level and settle
the scil. A power harrow, as used in the project, is not ideal since it pulverizes
the soil too much. A spring-tine cultivator is possibly a better alternative, espe-
cially when used in combination with a roller to obtain the necessary soil settling.
Which implements and methods can best be used needs further investigation,
Workability for harrowing is curtailed by too wet a soil; the mass ratio of
moisture to dry soil must be below ¢.15,

Planting

To avoid soil compaction all operations following ploughing should be com-
bined as much as possible. In the project, planting and the first fertilizer applica-
tion were carried out in the same operation. A four-row pneumatic precision
planter equipped with flat vertical discs for seed metering and with special ferti-
lizing attachments proved very satisfactory. For farmers a less complicated
planter will be adequate. Row distance was 75 cm for maize, and 50 cm for
sorghum, soybean, cowpea and mungbean. For groundnut alternate row dis-
tances of 35, 50, 35 and 80 cm were used (Fig. 60); this was not combined with
fertilizer application.

The soil moisture range for planting is between 0.11 and 0.15 {mass ratio
of moisture to dry soil) for a ploughed soil. Technically it is never too dry for
planting, but sceds will not germinate in a dry soil. The criterion of a moisture
mass ratio to dry soil of 0.11 is provisional.

Fertilizer and lime application

Lime was applied with a pendulum breadcaster, 6 m working width, Fertilizer
spreaders with a larger working width should not be used unless the fields are
sufficiently level, otherwise an even spread pattern will not be obtained. For
side dressing of fertilizers a special attachment was mounted behind the broad-
caster. The split fertilizer applications cause a problem for maize. Four and a
half weeks after sowing the crop is too tall for standard low-clearance tractors.
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The workability for fertilizer and lime application is the same as for harrowing.

Biocide application (spraying )

A tractor-mounted sprayer was used. No special problems were experienced.
Workability is as for harrowing. This implies that during the long rainy season
the soils are often too wet for the machinery to enter the ficld for fertilizer or
pesticide application, With large areas the use of aircraft might be considered.

Harvesting of grain crops

Self-propelled combine harvesters can be used. For maize they should be
equipped with a maize header, for soybean with a flexible cutter bar, Losses
are related to moisture contents in grain and straw. Grain moisture content
should be less than 0.28 for maize and less than 0.24 for the other crops, and
soil moisture, expressed as mass ratio to dry soil, should beless than 0.16. Special
problems with cowpea are discussed in Section 10.3.

Harvesting of groundnut

Groundnut harvesting entails two operations: lifting and stripping. For lifting
(digging) the same workability criteria hold as for ploughing, i.e. a mass ratio
of moisture to dry soil between 0.11 and 0.16. The pod meisture content at
harvesting must be less than 0.45. For stripping, kernel meisture content must
be less than 0.24, so the uprooted plants need some days to dry. Proper handling
of the specific equipment requires experience, to avoid unnecessary losses during
lifting.

Drying of harvested products

Artificial drying is a must for all harvested products. Bin drying, as used in
Suriname for rice, can be applied. Drying time can be set at 48 hours and the
bin surface at about 3 m? per tonne of grain and 3.5 m? per tonne of groundnut
pods. No special studies were made on this topic.

10.5 Annual cropping systems

The research findings of this project refer to only a limited number of annual
crops. Other economically more attractive or better adapted crops and cultivars
may be possible. Moreover, the time was too short to provide sound, comprehen-
sive answers to a complicated, long-term research problem like the one under
study. The production factors are relatively expensive. In Suriname almost all
inputs have to be imported and the quantities needed nationally are small. The
most important cost item is liming materials and fertilizers. The machine capaci-
ty required per unit area is relatively large because of generally low numbers
of workable hours, although this can largely be offset by growing two crops
per vear. Furthermore, artificial drying of all harvested produce is essential,
to prevent rapid deterioration.
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Comparison of the cost per hectare with world market prices for 1981 (Table
95) shows that groundnut and soybean are promising but that the cost of maize
and sorghum is too high to be competitive. Though some improvement could
still come from better and adapted cultivars and a more efficient utilization of
inputs, the data suggest that for the time being only groundnut and soybean
can form part of an annual cropping system. In that case part of the land remains
uncropped during the long rainy season, because the number of workable hours
in April is too low for both to harvest the short-season crops and to sow the
long-season crops. In the example of a Zanderij farm, presented in Section 9.5,
maize and cowpea were grown on the parcels that could not be planted to soy-
bean or groundnut in the long rainy season. Green manure crops could be an
alternative for maize and sorghum.

The one-man farm presented in Section 9.5 consists of 13 parcels of 3 ha each.
In the short rainy season 6 parcels are planted to soybean and 7 to groundnut
and in the long rainy season 5 to soybean, 4 to groundnut, 2 to maize and 2
to cowpea.

10.6 Final remarks

Mechanized farming with annual crops in a humid climate on acid infertile soils
requires farmers of above-average quality. The farming systems considered are
technologically advanced and are capital intensive. The climate-related
workability problems make good timing and planning of the farming operations
essential. A thorough knowledge of the climate, the soils and the crops to be
grown is necessary to anticipate possible problems. Trained farmers and good
support from an agricultural extension service are indispensible for the success
of such farming. ’

From the results obtained it can be concluded that continuous annual crop-
ping on the loamy soils of the Zanderij formation is technically possible but
that high farm managerial skills are required if success is to be achieved. The
technical research findings have been quantified where possible. In this way this
Zanderij project should also be of value for areas outside Suriname with similar
physical and environmental conditions. The feasibility of annual cropping might
vary in such regions. As regards Suriname, groundnut and soybean show prom-
ise but the economic outlook for maize and sorghum is bleak. A systematic
search should be initiated to identify crops that have better economic prospects
and are better adapted to the environment. Upland rice and pineapple, which
have been excluded so far, may well be worth considering. Production systems
that combine annual crop production with cattle and grassland should be inves-
tigated.

No comparison was made between the financial returns from forest exploi-
tation and those from annual cropping. It was not the aim of this project to
ascertain whether it is advisable to convert the rainforest that presently covers
the loamy Zanderij soils into arable land, To answer that question the ecological
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implications in terms of soil erosion and the risk of outbreaks of pests and dis-
eases when large areas are continously cropped must also be taken into account.

Any decision on the use of low fertility acid soils such as those of the Zanderij
area should be made in the national, social, economic and political context.
If it is decided to use these soils for annual cropping, the selection of suitable
farm sites should be based on soil survey data. Only the heavier soils can be
considered, i.e. the brown loams with a loamy sand to sandy-loam topsoil (0-20
cm) on a sandy clay-loam subsoil. However, the often great variation in soil
within short distances will make it difficult to find sufficiently large areas of
a single type of soil, and pockets of lighter textured soils, such as brown or
even white sands, cannot be completely aveided.

Although the brown loams as a rule are covered with high tropical rainforest,
and fess luxuriant types of vegetation are mostly indicative of soil types poorer
than brown loams, vegetation type should not be used as an absolute criterion
because high rainforest is sometimes underlain by brown sands. There is no
need to select undisturbed rainforest. For practical purposes good secondary
rainforest is adequate.

If cropping systems based on supplementary irrigation are considered, there
should be a water source in the form of a well or stream that carties water,
even at the end of the long dry season. This could mean that the northern part
of the Zanderij belt, where the sand deposits are likely to be thicker, is to be
preferred to the south. Much will also depend on the size of the catchment area
feeding the streams concerned.

Clearing and the preparation of the land after clearing should be done by
a development authority. Windrows have to be gradually reduced and cleared
away, the fields need to be levelled, the soil has to be freed from wood and
root debris and last but not least a plough layer with the desired (steady state)
fertility level has to be developed. The preparations will take at least three years.
Only completely prepared land suitable for annual crop production should be
handed over to the farmer, to avoid discouragement and a possible untimely
abandoning of fields.
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Appendix 1. Description and properties of a
Coebitt soil profile.

Location; Experimental Farm Coebiti, Suriname. Blok Alexperiment 78/27 (Co
135), 31 m south-west of main road, 5 m north-west of Replication 4 {Profile
13).

Described by: R.L.H. Poels on 79.04.11

Site description

Elevation : approximately 20 m above sea level.

Physiographic position of the site: plateau.

Lardform of surrounding area: level to undulating.

Topography: even.

Slope on which profile is sited: 2 per cent to the west.

Vegetation or land use: regrowth of low weeds after ploughing 6 months carlier,
covering the soil for about 70 per cent.

Climate: tropical rainforest climate (Af) with 2 wet and 2 drier periods; average
precipitation 2220 mm per year.

Parent material: ‘Zanderij’ sediment of sandy clay-loam texture,

Moisture condition: moist throughout.

Water table: not encountered.

QOccurrence of gley/pseudogley: no.

External drainage: medium to slow,

Internal drainage: medium.

Drainage class: moderately well to well drained.

No surface stones or rock outcrops, no erosion, no salt or alkali.

Human interference: subsoiling in September 1978, 50 ¢m deep, 130 cm apart,

Brief description of the profile

Very deep, moderatety well to well drained profile with a brown loamy-sand
topsoil and dull brown to orange sandy-clay-loam subsoil. The B1 horizon
(28-50 cm) is rather dense and roots are nearly absent below the A horizon.
The effect of subsoiling, carried out 7 months before the description, on the
profile is very slight. No differences in structure or colour are visible. The only
effect is a slightly softer consistence of the soil in the subsoiled spots.

Classification: Ultic Haplortox.

Soil horizon description
0-16cm Alp  Brown (7.5YR 4/3) loamy sand; weak coarse and medium
subangular blocky and fine crumb structure; very friable to
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16-28 cm A2

28-50cm Bl

loose when moist, non sticky and non plastic when wet; com-
mon fine and medium pores; common fing roots; clear smooth
boundary.

Brown (7.5YR 4/3) loamy sand; few fine faint brown mottles;
moderate coarse and medium angular blocky structure; friable

- when moist, slightly sticky and non plastic when wet; few to

50-70 cm B21

70-100 cm B22

common fine and medium pores; few fine roots; few pockets
of subsoil material; few to common charcoal pieces; few small
sandpockets; clear smooth boundary.

Dull brown (7.5YR 5/4) sandy loam; weak to moderate coarse
and medium angular and subangular blocky structure; friable
when moist, slightly sticky and non plastic when wet; few fine
pores; very few fine roots; in top of horizon common fing brown
mottles, indicating slight periodic water stagnation; rather
dense horizon; gradual smooth boundary.

Orange (7.5YR 6/6) sandy clay-loam; weak coarse and medium
angular and subangular blocky structure; friable when moist,
slightly sticky and slightly plastic when wet; few to common
fine pores; no roots; few pockets with darker soil; diffuse
smooth boundary,

Yellow orange (7.5YR 7/8) sandy clay loam; weak coarse and
medium subangular blocky structure; friable to very friable
when moist, slightly sticky and slightly plastic when wet; few
to common fine pores; sporadic fine roots; common vertical
channels, diameter ca. 1 cm filled with dark soil.

100-200ecm € Yellow orange (7.5YR 7/8) sandy clay-loam to sandy clay; fri-
able to firm when moist.
Chemical properties
Depth pH(H;0) pH(EKCI) C N C/N P-Bray-1
cm gkg gk megkg!
0- 16 44 38 20.5 L4 {5 1]
16- 28 4.2 38 114 1.0 11 ¢
28- 50 49 4.1 5.1 - - ¢
50- 70 4.7 39 a5 03 12 0
70-160 4.5 4.0 21 0.3 7 i}
100-220 46 4.0 0.9 0.3 3 0
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Depth

Exchangeable ionic equivalents, mmol kg™

cm CEC Ca Mg K Na Al Bases ECEC AlECEC
0- 16 517 120 1.8 0.3 0.3 77 14.4 2.1 0.35
16- 28 324 23 0.4 0.1 0.1 9.7 29 12.6 0.77
28- 50 236 28 0.5 0.2 0.1 6.8 36 10.4 0.65
50- 70 194 1.3 0.3 0.1 0.2 6.5 1.9 84 0.77
T0-100 145 12 0.3 0.1 0.1 4.0 L6 5.6 0.71

100-220 150 05 0.2 0.1 0.2 4.4 1.0 5.4 0.81

Physical properties

Depth  Volume fraction of moisture at pF Avail. meist.,mm

cm

1 1.5 2 2.7 34 4.2 2-42  perhor, cum.

0-16 0444 0271 0185 0182 0119 0078 0107 171 17.1
16- 28 0.408 0.299 0222 0214 0133 0100 0122 146 7
28- 50 0318 0246 0210 0182 0167 0130 0.080 17.6 49.3
50- 70 0.355 0263 0216 0.87 0172 0.147 0069 138 63.1
70-100 0.350 0257 0198 0159 0157 0125 0.073 219 85.0

100-220 0.210  0.178

Depth Bulk Particle Pore VYolume fraction of air at pF

cm density density volume

Mgm™ Mgm™? fraction 1 2

0- 16 1,24 2.57 0.518 0.074 0.333

16- 28 1.41 2.60 0.458 0.050 0.236

28- 50 1.62 2.63 0.334 0.066 0.174

50- 70 1.52 2.64 0.424 0.069 0.208

70-100 145 2.64 0.451 0.101 0.253
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Appendix 2. Description and properties of a Kabo
soil profile.

Location: Kabo area Suriname, project area, 214 m north of baseline, 27 m
west of line 3 (Profile 3).

Described by: R.L.H. Poels on 78.01.11.

Site description

Elevation: approximately 35 m above sea level.

Physiographic position of the site: plain.

Landform of surrounding country: level to undulating.

Microtopography: even.

Slope on which profile is sited: 1-2 per cent.

Vegetation: High dryland forest, recently exploited for valuable timber (volume
of extracted logs was about 25 m? ha™'; extracted wood was predominantly Basra-
lokus, Wana and Kopi); within radius of 17.84 m (1000 m? area) 9 trees with
a d.b.h. of more than 40 cm (exploited trees included), having a total basal area
of 3.5 m?; species: 2 Basralokus { Dicorynia guianensis}, 2 Gronfoeloe (Qualea cou-
rulea), 2 Sali (Tetragastris sp.), | Pikinmisiki ( Piptadenia suaveolens), 1 Hoogland-
baboen (Virola melinonii) and | Fomang (Chaetocarpus schomburgkianus); few
to commeon lianas and strangling trees (Clusia sp. and Ficus sp.); undergrowth
consists of common bugrumaka, 2-7 m high, and few paramaka palms (Astroca-
ryum spp.) and seedlings of trees and lianas; herbs and grasses practically absent.
Climate: tropical rainforest climate (Af) with 2 wet and 2 drier periods; average
precipitation at Coebiti, 30 km to the east, is 2220 mm per year.

Parent material: ‘Zanderij’ sediment of medium coarse sandy clay-loam texture.
Moisturg condition: moist throughout.

Water table: not encountered.

Occurrence of gley/pseudogley: not encountered.

External drainage: slow to medium.

Internal drainage: medium.

Drainage class: well to moderately well drained.

No surface stones or rock outcrops, no erosion, no salt or alkali, no human
influence on soil profile.

Brief description of the profile

Very deep, well drained profile with a brown loamy-sand to sandy-loam topsail
and a bright yellowish brown sandy-clay-loam subsoil. Below 120 c¢m few faint
orange mottles occur.

Classification; Ultic Haplortox.
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Soil horizon description

0-8cm All

g-17cm AI2

17-37cm A3

37-51 cm Bl

51-120cm B21

Brown (7.5YR 4/3) medium coarse loamy sand; moderate fine
and medium crumb structure; very friable when moist, non
sticky and non plastic when wet; common very fine interstitial
pores; abundant fine and medium, common large roots, form-
ing a rootmat; thin layer of leaves and twigs 1 cm thick; com-
mon pockets of loose sandy grains; few bleached sand grains;
gradual smooth boundary

Brown (7.5YR 4/3) sandy loam; moderate medium and coarse
subangular blocky and fine crumb structure; very friable when
moist, slightly sticky and non plastic when wet; common very
fine interstitial pores; many fine and medium, common large
roots; common small sand pockets; gradual smooth boundary.
Dull yellowisch brown (I0YR 5/4) sandy clay-loam; weak
coarse subangular blocky structure; friable when moist, sticky
and plastic when wet; many very fine interstitial, few fine tubu-
lar pores; many fine and medium, commeon large roots and few
dead fine roots; slightly variable colour indicating possible peri-
odic wetness; gradual smooth boundary.

Dull yellow crange (10YR 7/4) sandy clay-loam; very weak
coarse subangular blocky structure, subdivided into fine gran-
ules; friable when moist, sticky and plastic when wet; common
very fine interstitial pores; common fine, medium and large
roots; diffuse smooth boundary.

Bright yellowish brown (I0Y R 7/6) sandy clay-loam; very weak
coarse prismatic and subangular blocky structure, subdivided
into fine granules; friable when moist, sticky and plastic when
wet; common very fine interstitial, few fine tubular pores; few
fine, medium and large roots; no cutans; diffuse smooth bound-
ary

120-200 cm B22 Bright yellowish brown (10YR 6/6) sandy clay-loam; few

200-280cm B3

212

coarse sand grains; few medium faint orange (5 YR 6/8) mot-
tles; very weak coarse prismatic and subangular blocky struc-
ture, subdivided into fine granules; friable when moist, sticky
and plastic when wet; common very fine interstitial, few fine
tubular pores; few fine and medium roots; slightly variable col-
our possibly indicating periodic wetness.

Yellow orange (7.5YR 7/8) sandy clay-loam; few coarse sand
grains; no mottles; few roots.
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Chemical properties

Depth pH(H,0) pH(KCI) C N C/N P-Bray-1
cm gkg gkg! mg kg™’

0- B 39 3.1 16.3 1.0 16 26

8- 17 40 15 134 1.0 13 L9

17- 37 43 38 8.0 0.6 13 29

37- 51 4.1 39 41 0.3 14 06

51-120 47 39 21 03 7 1.1
120-180 48 4.1 0.9 0.2 s 0.0
200-280 4.5 4.1 0.3 02 2 0.0
Depth Exchangeable ionic equivalents, mmol kg”
cm CEC Ca Mg K Na Al Bases ECEC AVNECEC

0- 8 533 33 1.8 0.7 0.5 9.0 6.3 15.3 0.59

8- 17 348 0.0 04 04 0.5 1.4 1.3 12.7 0.90
17- 37 278 0.0 0.2 0.3 0.4 9% 0.9 10.7 0.92
37- 51 16.8 0.0 0.1 0.1 0.2 6.5 04 6.9 0.94
51-120 152 0.0 0.1 0.1 0.4 59 0.6 6.5 0.91
120-180 144 0.0 0.1 0.1 0.0 4.1 0.2 43 0.95
200-280 105 0.0 0.0 0.1 0.0 0.0 0.1 35 0.97
Physical properties
Depth Volume fraction of moisture at pF Avail. moist.,mm
cm

1.0 2.0 2.7 35 4.2 2-42 per hor. cum.
0- 8 0365 0.154 0.099 0.091 0.074 0.080 6.4 6.4

8- 17 0370 0.181 0.128 0.093 0.079 0.102 9.2 15.6
17- 37 0.364 0.203 0.152 0.132 0.104 0.099 19.8 354
37- 51 0332 0.186 0.138 0.117 0.099 0.087 12.2 476
51-120  0.348 0.199 0.148 0.124 0.112 0.087 60.0 107.6
120-180 0.342 0.219 0.168 0.132 0.133 0.086 51.6 159.2

Depth Bulk Pore Volume fraction Sand Silt Clay Penetro-
cm density volume ofairatpF gkg?'  gkg?!  gkg'  meter
Mgm™ —_— MPa
1 2
0- 8 1.23 0.523 0.158 0.36% 844 61 95 0.04
8- 17 1.30 0.498 0.128 0.317 799 30 121 0.12
17- 37 1.45 0.458 0.094 0.255 764 43 193 0.25
37- 51 1.48 0.437 0.105 0.251 T64 33 203 0.21
51-120 1.38 0.477 0.129 0.278 7 33 250 0.32
120-180 145 0.453 0.111 0.234 699 39 262 0.35
200-280 743 19 238
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Appendix 3. Lysimeter studies, March 1978 - May 1979.

Precipitation (P), irrigation (I), drainage (D), evapotranspiration of the Iysimeter £y ), 2nd evapora-
tion of the Class-A pan (Ey(A)). All data are expressed in mm per ten days. For explanation see
Scction 6.2.1,

Crop Period P 1 D E Ey(A) E JE(A)
Maize March I-10 5 89 33 22 52 0.4
11-20 12 12 17 18 83 0.4
21-31 n 0 6 16 58 0.3
April 1-10 29 0 7 24 46 0.5
11-20 69 0 18 39 48 08
21-30 104 0 57 46 49 09
May 1-10 8 0 14 49 19 1.3
11-20 73 (1] 31 42 32 1.3
21-34 187 0 131 40 33 1.2
June 1-10 69 0 28 43 38 L.l
11-20 85 0 33 36 K} 1.0
21-30 65 0 38 30 36 0.8
Saybean November  1-10 32 4 13 10 49 0.2
11-20 27 0 12 17 w 0.5
21-30 17 4 5 15 50 0.3
December  1-10 120 0 53 28 30 09
11-20 30 0 44 33 k™ 1.0
21-31 135 0 68 51 50 1.0
January 1-10 50 0 53 34 32 i1
11-20 16 0 0 56 50 L1
21-31 73 0 0 7 34 1.1
February 1-10 1 0 0 40 51 08
11-20 1 0 0 27 51 0.5
Cowpea March 1-10 50 0 0 8 35 02
11-20 2 0 0 18 35 0.5
21-31 48 0 0 is 49 03
April 1-10 151 0 88 36 29 1.2
11-20 69 0 43 51 39 1.3
21-30 79 0 0 54 35 1.6
May 1-10 50 0 38 86 55 1.6
11-20 1o 0 1] 41 36 1.2
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Appendix 4. Supplementary-irnigation trial at Coebiti.

Rainfall, irrigation, and Class-A evaporation (E(A)) in mm per week. WAP = wecks after planting
of the first crop in that cycle. No data were available on E,(A) during the first cycle; the values
presented in parentheses are averages of Ey(A) measured in the corresponding weeks in 1980, 1981,
1982 and 1983.

WAP Rainfall Irrigation  Ey(A) WAP Rainfall  Irrigation  EyA}

Cycle .  Maize, 79.10.17-80.02.05
Soybean, 79.10.16-80.01.27

| 26 8 41y 9 24 0 (24)
2 0 0 (37) 10 28 20 (25)
3 14 32 39 1l 16 0 {19
4 82 16 35 12 20 40 23
5 8 0 (32) 13 0 20 22
6 56 24 32 14 12 0 2n
7 60 0 m [ 4 0 N
8§ (08 0 29 16 14 0 (25)
Cycle2.  Maize, 80.02.20-80.06.10
Soybean, 80.03.06-80.06.17

i 0 0 24 9 88 0 21

2 0 12 26 10 92 0 18
3 46 18" =R 1 88 0 21
4 50 0 23 12 56 0 19
5 36 0 19 13 32 0 20
6 48 0 23 14 92 0 25
7 24 0 38 15 78 0 22
8 65 0 17 16 44 0 2
Cycle3. Maize, 80.08.07-80.11.27

Soybean, 80.08.14-80.12.04

1 22 0 3 9 2 44 44
2 36 0 4 10 44 36 27
3 4 0 40 11 18 16 3
4 62 o k") 12 16 0 32
5 12 0 40 13 0 14 44
6 2 14 34 14 72 28 38
7 0 k) 46 15 70 0 23
8 14 66 45 16 43 0 25
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WAP Rainfall Irrigation  Ey(A) WAP Rainfall lrrigation  Ey(A)

Cycle4. Maize, 81.01.08-81.05.09
Soybean, 81.01.08-81.05.01

1 14 0 byl 9 42 0 27
2 12 0 29 1o 0 0 39
3 0 6 28 i1 0 42 42
4 16 0 24 12 8 42 40
5 44 12 20 13 4 44 34
6 70 0 19 14 94 0 20
? 24 0 24 15 52 0 28
8 88 9 19 [6 48 0 25
Cycle5.  Muize, 81.10.27-82.02.16
Sorghum, 81.10.27-82.01.26
l 0 9') 37 9 8 0 28
2 15 0 as 10 26 0 24
3 24 0 34 Il 80 0 18
4 12 0 3 12 1 0 8
5 6 0 27 1 40 0 21
6 14 14 28 14 45 0 27
7 40 o 24 ts 36 0 19
8 30 0 22 16 2 0 25
Cycle6.  Soybean, 82.06.30-82.10.22
Groundnut, 82.06.30-82.10.05

I 76 ¢ 25 9 6 0 36
2 4] 0 25 10 7 0 40
3 68 0 39 - 1 1 0 44
4 67 0 32 12 28 0 43
5 28 0 32 i3 52 0 kY
6 50 0 32 4 27 0 33
7 23 0 M 15 19 0 40
8 10 0 36 16 1 0 46
Cycle7.  Maize, 82.11.11-82.02.23

1 14 0 42 9 85 0 14
2 24 0 36 10 22 0 20
3 12 0 28 8 6 28 27
4 0 0 42 12 1 32 2
5 50 0 25 13 21 12 21
6 78 0 24 14 0 0 3
7 42 0 16 15 49 0 17
8 13 0 29

! The entire ficld, i.e. both irrigated and rainfed plots, received this amount of irrigation water.
See Section 6.2.2.
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Appendix 5. Introduced varieties, cultivars, lines of
maize, soybean, cowpea and mungbean, and collection

of cassava clones.

A. Maize. Open-pollinated varieties introduced in the period 1978-1980.

From CIMMYT, Mexico

Tuxpefio

Mezcla Tropical Blanca
Blanco Cristal 1

(Mix. 1 xCol. Gpo 1) ETO
Mezcla Amarilla
Amarillo Dentado 2
Amarillo Cristal
Tuxpefo Caribe 1
Tuxpefio Caribe 2
Cogoilero

Cotaxtla 7429

From CNPMS, Brazil

CMS 04

Poza Rica 7528
Poza Rica 7824
San Andres 7528
Ludhiana 7528
Across 7726
Across 7728

Sete Lagoas 7728
La Maquina 7827
Pool 25

Pool 26

CMS 014

B. Seybean. Culiivars and lines introduced in the period 1977-1980.

From INTSOY/IITA, Nigeria

Bossier

B-1

Cobb

Davis

Improved Pelican
Williams

Forrest

Jupiter

Amsoy 4192
TGm 187-3-2
TGm 197-3-3-2494
TGm 210-1-2205
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TGm 210-1-2317
TGm 210-1-2363
TGm 242-2-2297
TGm 249-3
TGm 2494
TGm 249-5-4254
TGm 246-5-5078
TGm 255-2-4341
TGm 260-2-2-4293
TGm 294-4-2371
TGx 13-3-2644
TGx 66-5100
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From AVRDC, Taiwan

30066-2-4
30098-4
30103-62
30106-2-27
30120-38-76
30120-46-88
30153-1-96
30155-12-53
30164-52
30299-6
30295-17-74
30120-2-78

From INTSOY, USA

F 76-8827
ICA L-215
IGH 24
V-1

IGH 23
Caribe

From INPA, Brazil

Ajuricaba
Manaus

30120-2-118
30120-38-53
30122-1-4
30156-7
30156-9
30156-18
30159-54
30164-55
30217-18-67
30229-8
30229-12
30251-1-6

Acc 2120
Turnia

Alamo
UFV-1(BP-2)
SJ-2

Hutton

Solimoes

C. Cowpea, Cultivars and lines introduced in the period 1972-1981.

From Agricultural Experiment Station, Paramaribo, Suriname

Capucijner 5403A
Capucijner 6101
Blackeye

African Red

Acc 73021

From USDA, Beltsville, USA

PI 124609
PI 165486
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Acc. 73026
Acc. 73027
Acc. 73030
Acc. 73031
Acc, 73032

PI293477
P1 293497
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From IRAT, Senegal

5/8-40 - 1/4-66-74, 1/8-50 L.4
5/8-40 - 1/4-66-74, 1/8-50 L.19

From Kano, Nigeria

Acc. 593
Kwarra

From IITA, Nigeria

TVu 157-1E
TVu20i-1D

TVu 1190E-1D

TVu1302-1C
TVu 1630
TVu1977-0D

TVu1987-01B
TVu 2616 P-0ID

TVu 3629
TVu4557
TVx 6-4H
TVx 7-4K
TVx 7-5SH
TVx12-01E
TVx 13-2E
TVx13-31K
TVx 14-5H
TVx 30-1G
TVx 33-1G
TVx 66-2H
TVx 289-4G
TVx 309-1G
TVx 337-3F
TVx 876-01A
TVx 930-01B
TVx 944-02E
TVx 966-01B
TVx1193-7D
TVx 1193-9F

TVx 1193-059D
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185x 40-3/4-40L.9

Blackeye 8152
Acc. 6017

TVx 1576-01E
TVx 1836-9E
TVx 1836-013]
TVx 1836-013)
TVx 1836-19E
TVx 1836P-19E
TVx 1836-66E
TVx 1836-90E
TVx 1836-150G
TVx 1836-157G
TVx 1836-429E
TVx 1836-473E
TVx 1843-1C
TVx 2112-6E
TVx 2251

TVx 2394-Q1F
TVx 2394-02F
TVx 2724-01F
TVx 2869-P,-2
TVx 3072-01E
TVx 3464-012E
TVx 3428-03E
4R-267-1F
SVs-3

Vital

Vita 2

Vita 3

Vita 4

Vita 5

221



D. Mungbean. Cultivars introduced from AVRDC, Taiwanr, in 1978.

Berker PARC ML-3

BPI glabrous 3 ML-5

CES 1D-21 ML-28

K15 MG 152

Local CV MG 50-10A (G)
M7A MG 50-10A (Y)
M 163 Oklahoma 12

T™ 304 PHLV 18

M 317 Taiwan I

M 1712 Vang Lang Khank

E. Cassava. Collection of clones. 1974.

From Agricultural Experiment Station, Paramaribo, Suriname.

Zoet 2 Kankantrie

Zoet 3 Basiorao

Bitter 3 Betawi

Bitter 5 Mangi

Bitter 6 Miss Jane (licht)
Bitter 1 Miss Jane (donker)
Bitter 11 Sao Pedro Preto
Bitter I11 Soponjono

Bitter IV ] Indische Stok
Bitter V

From Instituto de Agronomia, Universidad Central de Venezuela, Maracay.

2062 2184
2078 2188
2106 2195
2124 2203
2171 2219

From Instituto Agronomico, Campinas, S3o Paulo, Brazil.

797 Ouro do Vale IAC-24-2 Mantiqueira
454 Guaxupe

From ICA, Palmira, Colombia

Llanera CMCno.9
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Appendix 6. Soil tillage, workability and timeliness of
farm operations.

The following is the author’s summary of:

‘Mechanized farming in the humid tropics with special reference to soil tillage,
workability and timeliness of farm operations. A case study for the Zanderij
area of Suriname’ (Goense, 1987).

The reported investigations concern aspects of mechanized farming for the pro-
duction of rainfed crops on the loamy soils of the Zanderij formation in Suri-
name and in particular, the effect of tillage on crop vield and soil properties,
workability of field operations and timeliness of field operations. The results
were evaluated as to their effect on prospects for mechanized farming in this
area.

The work was carried out within a joint research project of the Agricultural
University Wageningen and the University of Suriname,

The soil in the area of investigation is characterized by a low fertility and
high acidity. Natural drainage is good but the water holding capacity is low.
The climate in the area is classified as Af according to Koppen, the average
rainfall is 2234 mm per year.

Experiments carried out on the Coebiti experimental farm during a 9-year
period, covering 22 cropping cycles, showed that with continued application
of conventional tillage consisting of disc ploughing and harrowing, average crop
yields were higher than with successive applications of shallow or no tillage.
The yield differences varied with crop and conditions, the yield obtained under
no tillage was on average about 75 per cent of the yield under conventional
tillage for maize, sorghum and cowpea. For soya bean this was 85 per cent and
for groundnuts 90 per cent. Shallow tillage like rotavating showed intermediate
results. Comparable results were obtained at the Kabo experimental farm cover-
ing 4 cropping cycles. Chisel and disc ploughing showed here little difference.
With the applied mechanized farming system soil compaction occurs which can
be alleviated by soil tillage. The distribution of added fertilizer in the soil reflects
the tillage treatments applied. Periodic deep tillage such as ploughing is required
to incorporate lime to the appropriate depth to allow deep rooting. From a
series of 6 cropping cycles at Coebiti it is concluded that the yield of a no tillage
treatment when alternated with conventional tillage can be higher than those
obtained under successive application of no tillage. This indicates possibilities
for the application of incidental no tillage when workable time for planting is
limited. It is concluded that in a mechanized cropping system on these soils,
the approach to soil tillage should be flexible. Disc or chisel ploughing, as well
as shallow or no tillage can be selected appropriate to crop and prevailing cir-
cumstances of field, weather and work progress.
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The limits for workability of disc ploughing and harrowing were determined
by measuring the performance of the operations and relating the results to the
moisture content of the 0.0-0.20 m soil layer. The maximum soil moisture con-
tent for disc ploughing was found to be 13.9 percent wband for rotary harrowing
13.2 per cent wb. It appeared to be too dry for disc ploughing when the moisture
content was Jower than 10.3 per cent wb.

The measured soil moisture contents and pertaining meteorological data were
used in development of a soil moisture model formulated with physical process
descriptions from literature. Expectations of workable time for ficld operations
in so far as limited by rain and soil moisture content were calculated with the
modcl on the basis of a 25-year record of meteorological data at Zanderij station.

Workability of grain harvesting is governed by the grain moisture status. In
field experiments the course of the grain moisture content and attached moisture
was determined for maize, groundnut, soya bean, cowpea and sorghum. A prac-
tical grain moisture model to calculate the grain maisture status in dependence
of the weather was formulated and developed with the experimental data and
pertaining meteorological duta. The hourly course of grain moisture status after
maturity was caiculated for the 25-year period, allowing calculations of expecta-
tions of workable time for harvesting operations with the appropriate limits
for grain moisture content.

The timeliness function for maize planting was calculated with an available
model of physical crop production (WOFOST). Available data from maize
growing experiments in the area were used for calculating site specific parameters
and evaluation of the model. With this model yicld expectations were calculated
on the basis of the 25-year metcorological record.

Harvest-date experiments were carried out to establish timeliness functions
for harvesting of maize, groundnut, soya bean and sorghum. It appeared that
crop stand and weather influenced these functions. For maize timeliness costs
of up to 100 kg per day were obscrved under wet conditions in the initial defay
period. Under dry conditions timeliness costs were insignificant for the periods
considered. For a healthy groundnut crop timeliness costs could be presented
by a quadratic function of delay time. Postponement of digging results initially
in minor yield reductions per day, the losses per day in the windrow are about
four times as high. On a diseased crop losses were much higher. For sorghum
observed timeliness costs were between 1.0 and 1.9 per cent of initial machine
yield per day of postponement of harvesting beyond the date of maturity. The
timeliness costs for soya bean harvesting were small in the first two weeks after
maturity and increased sharply with further delay.

The effect of the results of the investigations on the prospects for mechanized
farming in the Zanderij area was evaluated with a linear programming model.
The evaluation was done for a farm for the cultivation of maize and groundnuts.
This farm, equipped with machinery matching a 55-kW tractor, was operated
by the farmer on his own except for harvesting operations. Maximization
showed that with p-20 values for workable time an area of 35 ha can be cultivated
withacroppingindex of 1.9. Workable time is limiting farm operations at oppor-
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tune times and no tillage planting for maize has to be applied for the long rainy
$eason.

The timeliness costs of harvesting had only small effect on the cropping plan.
With p-50 values for workable time a cropping index of 2.5 is obtained in the
maximization, in this situation workable time is not limiting farm operations
and the option for no tillage is not used.

Workable time is a limiting factor for mechanized farming in the Zanderij
area and quantified information is essential for planning. The evaluation pro-
vides sufficient indications for strategies to follow to make a mechanized farming
system practicable.

1t is concluded that the model type farm is a practicable proposition, provided
socio-economic circumstances allow. A high standard of management is
required for the proper planning and timing of the ficld operations.
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Appendix 7. Methods of chemical soil and plant analysis.

Soil

Total N
pH(KCI)

pH(H:0O)
K, Caand Mg

Al
CEC

ECEC

P-Bray-I

Total P

Plant

Digestion

Total N

P
K, Caand Mg

Oxidation with potassium dichromate and sulphuric acid
(Walkley-Black method). Total organic C = 1.15 x C(Walk-
ley-Black). Soil organic matter = 1.75 x total organic C.
Titrimetrically after digestion with sulphuric acid plus salicy-
lic acid plus Se and distillation in micro distillation unit.
Potentiometrically in suspension (1:2.5) with 1M potassium
chloride.

Ditto, with water,

Determined with atomic absorption spectrophotometer in
1M ammonium-acetate percolate (pH7).

Colorimetrically in percolate of 1M potassium chloride,
Percolation with 1M ammonium acetate (pH7) followed by
determination of ammonium replaced by calcium chloride
and hydrochloric acid.

Calculated as exchangeable K + Mg + Ca (as determined
in NH, acetate) plus exchangeable Al (as determined in IM
KCl)y + 0.01 (or 0.02). {0.01 or 0.02 is the estimated content
of exchangeable Na (mmol/kg). This procedure was followed
because Na was seldom determined in our laboratory).
Colorimetrically (molybdenum blue) in extract of 0.03M
ammonium fluoride and 0.025M hydrochloric acid (Bray-I
solution).

Colorimetrically {molybdenum blue) after digestion with
Fleischmann’s acid (equal volumes of concentrated H.SO,
and concentrated HNO;).

Wet digestion with concentrated sulphuric acid plus salicylic
acid, and hydrogen peroxide; after digestion 1:20 diluted {So-
lution A).

Titrimetrically after distillation of aliquot of Solution A in
micro distillation unit,

Colorimetrically (molybdenum blue) in Solution A.
Determined with atomic absorption spectrophotometer in
Solution A.
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Appendix 8. Quantities and units.

Soil data

Exchangeable cations and cation exchange capacity (CEC) are expressed in mmol
ionic equivalents per kg dry soil. One mmol ionic equivalents of species X is
the amount of substance of species X that is equivalent to one mmol of H*
in an exchange reaction. Thus, the unit ionic equivalent equals the formerly
used unit of a milli-equivalent. Example: | mmol ionic equivalent Ca?* = 1
mmol 0.5 Ca’* = 0.5 mmol Ca’* = | meq Ca’*,

Organic N and organic C are expressed in g per kg dry soil.

P-Bray-I and toral P are expressed in mg per kg dry soil, i.e. in mg of the element,
not the oxide P205.

Volumic mass or bulk density is the ratio of dry soil mass to soil volume; it is
expressed in Mgm~2orinkgdm™.

Soil moisture content is expressed either as the mass ratio of moisture to dry
soil, or as the volume fraction of soil. In the text it is always indicated which
units are used.

Soil moisture tension (tensiometer value} is the sum of matric and osmotic poten-
tial of soil moisture; it is expressed in kPa (I kPa =~ 0.0102 kgem2 and 1 kPa
= 10 mbar),

pFisthe logarithm of the negative pressure head (of soil moisture) in centimetres
of water; so, pF 2 corresponds with a 10° ¢cm water column or with 9.80665
kPa,

Soil texture is the size distribution of mineral soil particles; it is expressed in
per cent or in g per kg of dry mineral soil (= soil without organic matter).

Penetrometer resistance is the pressure required to push a penetrometer with
a conus area of 1 cm? in the soil; it is expressed in MPa {1 MPa ~ 10.2 kg
cm?),

Crops and agricultural practices

Yields of grains refer to grains with a moisture content of 0.12. Yields are
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expressed in kg ha™' orin t ha™ {t = tonnes). Groundnut yields refer to pod
yields (moisture content 0.12), unless stated otherwise. Yields of cassava and
sweet potato refer to fresh roots and tubers, respectively.

Moisture content of grains: mass ratio of moisture to ‘moist’ product.

Nutrient content in plant components: mass ratio of nutrient (element) to dry
plant component (dried at 70"C).

Nutrient uptake is the quantity of nutrients in the above-ground plant parts;
expressed in kg element per ha per season.

Fertilizer nutrient rates are expressed in kg of ¢clement (not oxides) per ha per
season.

Biocide application rates are expressed in kg of active ingredient (a.i.) per ha,
in kg of wettable powder (w.p.) per ha, or in litres of emulsifiable concentrate
(e.c.)perha.

Mecteorological data

Relative duration of sunshine: ratio of the recorded sunshine hours to the 10
hours between 07.00 and 17.00 h.

E, is open-water evaporation expressed in mm per time unit,
E,A is Class-A pan evaporation expressed in mm per time unit.

E, isevapotranspiration measured with lysimeter expressed in mm per time unit.
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