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Abstract 

Everaarts, A.P., 1991. Competition between crops and weeds in the Zanderij 

area of Suriname. Doctoral thesis, Agricultural University, Wageningen. 

VII + 129 pp. 

A weed flora rapidly built up with the cultivation of annual crops on two 

experimental farms in the Zanderij area of Suriname, despite the fact that 

the farms were newly established in forested areas. Studies indicated that 

without adequate weed control, significant yield losses occurred in ground­

nuts, sorghum and soybeans due to competition with weeds. Plant density of 

the crops was not affected, but competition with weeds reduced ground-cover 

and leaf area index. Competition affected growth rates, leading to lower 

yields. The nature of the competitive effects is discussed and data are 

presented on the spatial distribution of weed growth in the crops. To prevent 

yield reduction in groundnuts and soybeans, competition during the period 

of pod initiation should be avoided. In sorghum, competition must be preven­

ted during the period of floret establishment. In groundnuts, a period of 

15 weed-free days after planting prevented yield loss and the presence of 

too much weed at harvest. Yield losses in sorghum were prevented with about 

20 weed-free days after planting. A period up to around 30 days was needed 

to attain negligible weed growth at harvest. It was necessary to weed soy­

beans up to around 30 days after planting to avoid yield loss and too much 

weed growth at maturity. The response of weeds to fertilizer application 

varied, depending on the weed vegetation and the nutrient applied. Both 

stimulation of growth and increase in weed density were observed. Band-place­

ment of fertilizers in planter press wheel furrows considerably reduced 

weed growth when compared with broadcast fertilizers. 

The investigation was carried out at the 

Centre for Agricultural Research in Suriname (CELOS), 

Anton de Kom University of Suriname, 

Paramaribo, Suriname, and at the 

Dept. Vegetation Science, Plant Ecology and Weed Science, and 

Dept. Tropical Crops Science, 

Agricultural University, Wageningen, The Netherlands 
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Voorwoord 

Het in dit proefschrift beschreven onderzoek werd gedurende de jaren 1981 

tot 1984 uitgevoerd op het Centrum voor Landbouwkundig Onderzoek in Suriname, 

CELOS, te Paramaribo, in het kader van een samenwerkingsproject tussen de 

Anton de Kom Universiteit van Suriname en de Landbouwhogeschool, thans Land­

bouwuniversiteit, te Wageningen. Het veldwerk voor dit onderzoek werd ver­

richt op de proeftuin Coebiti, gelegen in het Zanderij gebied van Surina­

me . 

Velen ben ik erkentelijk voor hun bijdrage aan dit onderzoek. De colle­

ga's en medewerkers op het CELOS voor de plezierige en leerzame samenwer­

king gedurende de jaren in Suriname. De hier behandelde veldproeven hadden 

zonder de vakkundigheid van de heren Idoe en Harrybadjan, en de grote inzet 

van hun medewerkers en de assistenten Rinaldo Feliksdal en Marjan van Deur-

zen niet zoveel resultaat kunnen opleveren. 

De medewerkers van de Stichting Proeftuinen in Suriname (STIPRIS) op 

Coebiti waren behulpzaam bij het oogsten van de proeven beschreven in 

Hoofdstuk VI en VII. 

De discussies met en de steun van projectleider J.F. Wienk waren van 

bijzonder belang. G. Liefstingh begeleidde met veel aandacht het onderzoek 

vanuit Nederland. 

Albert Remmelzwaal, Heidi Samson, Hilda de Vries, Jopie Duynhouwer, 

Kees van den Burg, Robert Griffith, Suresh Kaipoe, Ernst Vrancken, Fran­

cine Vrancken-Jahae, Jos van Mechelen, Arjen de Jong en Marja van der Stra­

ten leverden als Studenten een bijdrage aan het onderzoek. 

D. Goense verrichtte het rekenwerk met betrekking tot de potentiële evapo-

transpiratie van de gewassen. 

P.H. van Ewijk, M. van Essen, G. van der Heide en A. Otten, medewerkers 

van de vakgroep Wiskunde van de Landbouwuniversiteit, assisteerden bij de 

statistische verwerking van de proefgegevens. 

Herman Klees nam op kundige wijze het tekenwerk voor zijn rekening, 

Herman van Oeveren was behulpzaam bij het invoeren van gegevens in de compu­

ter, Clara van den Hout typte de tekst, Fia Brussen de tabellen en Mrs. A. 

Chadwick corrigeerde het engels. 

De opmerkingen van 0. Boxman, B.H. Janssen, H. van Keulen, G. Liefstingh 

en J.F. Wienk bij een of meerdere hoofdstukken waren zeer waardevol. Het 
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kritische commentaar van M. Wessel bij het gehele laatste manuscript had niet 

gemist kunnen worden. 

De Landbouwuniversiteit dank ik voor financiële steun. 

Het Proefstation voor de Akkerbouw en de Groenteteelt in de Vollegrond, 

met name P. Dekker en W. van den Berg, ben ik erkentelijk voor steun en 

advies bij het afronden van dit proefschrift. 

Mijn promotoren, Prof. J.D. Ferwerda en Prof. P. Zonderwijk wil ik in 

het bijzonder bedanken voor hun aandacht en geduld bij het voltooien van 

deze dissertatie. 

Ten slotte een welgemeend woord van dank aan die instellingen en personen 

niet met name genoemd, en speciaal aan Clara, die in de afgelopen jaren een 

onmisbare rol vervulde. 



Chapter I 

GENERAL INTRODUCTION 

Framework of the research 

In 1977, a multidisciplinary research programme, aimed at investigating 

the possibilities for a year-round cultivation of annual crops on the loamy 

soils of the Zanderij area in Suriname, was started as a joint undertaking 

between the Anton de Kom University of Suriname (UvS) in Paramaribo and the 

Agricultural University, Wageningen (AUW), the Netherlands. The headquar­

ters for this programme, known as "The permanent cultivation of rainfed 

annual crops on the loamy soils of the Zanderij formation", (Project LH/UvS 

02), were at the Centre for Agricultural Research in Suriname (CELOS) in 

Paramaribo. The studies were made on two experimental farms, Coebiti and 

Kabo, located in the Zanderij area. Because little was known about the fac­

tors influencing the occurrence of weeds and their effect on crop growth on 

these experimental farms, a study of weed ecology and crop-weed competition 

was added to the programme in 1981. The joint research programme was termi­

nated in 1983. Weed research was continued until the second half of 1984. 

Part of the results are presented in this paper. 

Brief physiography of Suriname 

Suriname is situated on the north-east coast of South America, between 2° 

and 6° North and 54° and 58° West. The country has a total area of about 

163 000 km2. 

Three major physiographic regions can be distinguished (Fig. 1): 

(a) the coastal plain; 

(b) the Zanderij or 'Dek' landscape; 

(c) the interior uplands. 

The total area of the coastal plain is about 20 000 km . Its soils consist 
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mainly of heavy-textured marine clay deposits. The topography is almost 

flat, with the highest elevation about ten metres above sea level. 

ATLANTIC OCEAN 

Paramaribo 

GUYANA 

-v..,-..*,. vo BRAZIL 
0 50 100 km 

Young and old coastal plain 

P H Zanderij or 'Dek' landscape 

I I Interior uplands 

Fig. 1. The major physiographic regions of Suriname. 

Two regions can be distinguished. The old coastal plain of Pleistocene and 

early Holocene origin and the young coastal plain, consisting of more recent 

deposits. In the young coastal plain, especially in the central and eastern 

parts, complexes of shell containing sand ridges are found. 

Adjacent to the coastal plain lies the Zanderij or 'Dek' landscape, here 
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referred to as Zanderij area (in literature also indicated as Zanderij 

formation). This area is a more or less continuous east-west running belt, 

five to ten kilometres wide in the east and sixty to seventy kilometres 

wide in the west, covering about 9 000 km . Its soils are derived from flu-

viatile Pliocene sediments and are predominantly sandy. The topography is 

flat to slightly undulating, with the highest elevation about fifty metres 

above sea level. 

The interior uplands cover more than four fifths of the country. Their 

predominantly residual soils have mainly formed from Pre-cambrian rocks. 

The landscape is mainly gently to moderately rolling, with locally some 

mountainous areas. The highest mountain reaches 1 280 metres above sea 

level (for details see: van der Eyk, 1957; Brinkman and Pons, 1968; Krook 

and Mulders, 1971; Bosma et al., 1984; Poels, 1987). 

Agriculture 

Agriculture in Suriname is mainly limited to the young coastal plain and to 

an area of the old coastal plain south of the capital Paramaribo. Rice, 

citrus, sugar cane and bananas are important crops. Vegetables and other 

food crops are usually only grown on a small scale, mainly on the sand 

ridges. Agriculture in the very thinly populated Zanderij area and interior 

uplands was, until recently, limited to shifting cultivation. In recent 

years on the interior uplands, oilpalm cultivation has been introduced, and 

pastures have been developed. Pastures have also been developed, on a limited 

scale, in the Zanderij area. 

In the coastal plain, the combination of heavy soils and high precipita­

tion limits the mechanization of dry-land crop cultivation. The low permea­

bility of the heavy soils necessitates the construction of cambered beds for 

the run-off of excess water, and because most of the land lies below the 

high-water mark, extensive drainage systems, in the form of polders, are 

required. 

The soils of the Zanderij area chemically are less fertile, but they have 
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better physical properties and they are well drained. These conditions of­

fer better opportunities for mechanized farming. When, in the 'sixties, the 

Zanderij area was opened for timber exploitation, agricultural interest in 

the area developed (Krook and Mulders, 1971; van Amson, 1975; Schroo, 1976). 

The Zanderij area 

General 

The Zanderij area is largely uninhabited and is covered by natural vegeta­

tion. Agricultural activities of the sparse population are limited to 

shifting cultivation. In one location, however, pastures have been establish­

ed on a limited scale. Data on forestry and forestry research have been 

published by de Graaf (1986), Jonkers (1987) and Poels (1987). 

Climate 

According to Koppen's classification, most of Suriname has a tropical rain 

forest climate (Af) or a tropical monsoon climate (Am). 

Mean annual rainfall is about 2 220 mm. Distribution is bimodal and four 

seasons are distinguished. A long rainy season from April to August, a long 

dry season from August to November, a short rainy season from November to 

January and a short dry season from January to April. The distinction between 

the seasons, however, is not clear-cut and seasons may set in irregularly. 

Mean annual temperature is 27 °C. 

Most of the Zanderij area has a tropical rain forest climate. The most 

western part has a tropical monsoon climate. The area where the experimental 

farms Coebiti and Kabo are located has a tropical rain forest climate. Data 

concerning some climatological parameters of the Zanderij area are given in 

Table 1. These data are based on observations at the climatological station 

located at Zanderij airport (Fig. 1). 
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T h e a v e r a g e m o n t h l y maximum o r m in imum t e m p e r a t u r e d o e s n o t f l u c t u a t e much 

t h r o u g h o u t t h e y e a r . The h i g h e s t t e m p e r a t u r e s a r e a r o u n d O c t o b e r a n d t h e 

l o w e s t i n J a n u a r y a n d F e b r u a r y . 

Table 1. C l ima to log i ca l da ta Zander i j s t a t i o n , 1958 - 1982 (Goense, 1987). 

Month J F M A M J J A S O N D 

Maximum t empera tu re , °C 30.6 30.8 31.3 31.6 31.3 31 .5 32.0 33.1 34.0 34.0 33.1 31.4 

Minimum t empera tu re , °C " 21.7 21.3 21.7 22.3 22.7 22 .5 22.2 22.3 22.4 22.4 22.6 22.1 

Sunshine d u r a t i on , n N _ 1 0 .49 0.51 0.48 0.48 0.46 0 .51 0 .63 0.73 0.77 0.76 0.68 0 .53 

P r e c i p i t a t i o n , mm m"1 200 136 146 223 286 309 251 181 103 95 117 187 

Evapora t ion + , mm d _ 1 3.9 4 .1 4 .1 4 .2 4 .0 4 .1 4 .5 5.3 5.6 5.6 4 .9 3 .8 

(+Class-A open pan, 1973 - 1980). 

Average monthly rainfall varies from 95 mm in October to 309 mm in June. 

The mean monthly sunshine duration (as measured from 7 a.m.to 5 p.m.) reaches 

a maximum in September and then decreases and varies little from December 

to June, after which sunshine duration increases again. The amount of sun­

shine does not closely follow the rainfall pattern. Rainfall in the second 

half of the long rainy season is more concentrated in short, heavy showers, 

which goes with an increase in mean sunshine duration (Goense, 1987). 

Free water evaporation varies from 3.8 mm d in December to 5.6 mm d"1 in 

September and October. 

During the year relative humidity at 8 a.m. varies from 93 per cent in Jan­

uary and February, to 86 per cent in September and October. Depending on the 

season relative humidity during the day (2 p.m.) varies from 51 per cent to 

70 per cent (Goense, 1987). Details on climatological records available for 

the Kabo experimental farm are given by Poels (1987). 

Soils 

The soils of the Zanderij area can be grouped into bleached white sands, 



brown sands, and brown sandy loams (Boxman et al., 1985). The white and 

brown sands are not suitable for agriculture due to their extremely low 

chemical fertility and their very low water-holding capacity. 

The brown sandy loams are better suited, but are still difficult to manage. 

They make up around 30 per cent of the total Zanderij area. The brown sandy 

loams belong to the yellow kaolinitic Oxisols intergrading towards Ultisols 

(Bennema, 1982). They are described as very deep, moderately well to well-

drained soils, with a brown loamy sand to sandy loam topsoil and a dull 

brown to brownish yellow or orange sandy clay loam subsoil. 

Some chemical and physical properties of brown sandy loams under forest 

are given in Table 2. The main chemical constraints for agricultural use of 

the brown sandy loams are acidity, and a deficiency in both primary and 

secondary nutrients. Physical constraints are a low water-holding capacity 

and a weak structural stability (Schroo, 1976; Soe Agnie, 1982; Boxman et 

al., 1985). This type of soil is generally referred to as a low fertility 

acid soil (Wienk and de Wit, 1982). 

Table 2. Some chemical and physical properties of brown sandy loams 
under forest (Boxman et al., 1985). 

Sample depth, cm 20-40 

Org. C, g kg 

Org. N, g kg 

pH-KCl 

pH-H20 

Exch. Ca, mmol(+) kg 

Mg, mmol(+) kg 

K , mmol(+) kg 

Na, mmol(+) kg 

Al, mmol(+) kg 

ECEC, mmol(+) kg" 

100 x exch. Al/ECEC 

CEC, pH7, mmol(+) kg" 

P-Bray I, mg kg P 

Porosity, volume fraction 

Available moisture, volume fraction 

12 

0 . 8 

3 . 7 

4 . 2 

1 .5 

0 . 9 

0 . 4 

0 . 1 

10.2 

13.1 

78 

34 

2 

0.50 

0.11 

8 

0 . 5 

3 . 9 

4 . 5 

0 . 5 

0 . 3 

0 . 3 

0 . 1 

9 . 9 

11.1 

' 89 

24 

1 

0.46 

0.10 

4 

0 . 3 

4 . 1 

4 . 7 

0 . 3 

0 . 3 

0 . 1 

0 . 1 

7 . 3 

8 . 1 

90 

18 

1 

0.46 

0.09 

(ECEC = Effective Cation Exchange Capacity; CEC = Cation Exchange 

Capacity). 



Poels (1987) recently reviewed Zanderij soils and soil research relevant to 

the Kabo area (Fig. 1). Detailed descriptions of the soils of the experimen­

tal farms have been given by van Amson et al. (1974) and Bruin and Tjoe-

Awie (1980) for Coebiti and Kabo respectively. 

Natural vegetation 

Most of the Zanderij area is covered by evergreen seasonal forest. On the 

bleached white sands, the vegetation is mainly a low savanna vegetation of 

grasses and shrubs or a savanna forest (Schulz, 1960; Heyligers, 1963; van 

Donselaar, 1965; Teunissen, 1978). 

The experimental farms Coebiti and Kabo 

Coebiti and Kabo are isolated experimental farms surrounded by forest. 

They are located in the Zanderij area in the district Saramacca. 

Coebiti (5°20' N, 55°30' W, Fig. 1) was established in 1969 by the Founda­

tion for Experimental Farms in Suriname (STIPRIS) on soils representative 

of the Zanderij area. Originally comprising 73 ha, the farm was extended to 

100 ha in 1975. At first, research at Coebiti was focussed on perennial 

crops and pastures. Initially, unused areas were planted with tropical 

kudzu (Pueraria phaseoloides (Roxb.) Benth.). From 1972 onwards, research 

on annual food crops was also done. Research at Coebiti was carried out by 

the Agricultural Experiment Station (Landbouwproefstation), Paramaribo, and 

the Centre for Agricultural Research in Suriname (CELOS), also at Paramaribo. 

The research done by CELOS was only concerned with annual crops, and from 

1977 onwards this work was continued within the framework of the joint re­

search programme of the UvS and AUW (see under Framework of the research). 

The 30 ha experimental farm Kabo (5°16' N, 55°43' W) was established in 

1978/79 within the plan of the joint research programme of the UvS and AUW, 

to study the possibilities for year-round cultivation of rainfed annual 

crops, starting with clearing of the forest. Kabo is situated some forty 

kilometres south-west of Coebiti (Fig. 1). 
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In 1987, a detailed study was completed on the possibilities for mechanized 

farming of annual crops in the Zanderij area of Suriname, with special ref­

erence to soil tillage, workability and timeliness of farm operations (Goen-

se, 1987). This study was carried out at the Coebiti and Kabo experimental 

farms. Prospects for mechanized farming were evaluated with a linear prog­

ramming model and it was concluded, that under favourable socio-economic 

conditions and skilfull management, the model maize and groundnuts farm 

defined, would be a practical proposition. 

Very recently a detailed report on the investigations carried out in the 

joint research programme of the UvS and AUW (Project LH/UvS 02, see under 

Framework of the research) became available (Janssen and Wienk, 1990). In 

this report a full account of the project and its research results is pre­

sented. 
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Chapter II 

WEEDS AND WEED CONTROL AT COEBITI AND KABO 

Introduction 

Research on the occurrence and control of weeds in Suriname has been focussed 

on a variety of subjects. Wouters (1965) listed weeds of wet rice, with 

notes on their control, while Dirven made observations on the weed flora in 

field crops on loamy sands of the old coastal plain (1968) and on the weed 

flora of fallow rice fields (1970). Effects of soil tillage on weed growth 

were mentioned by Kouwenhoven (1973) and van der Sar (1976). Dumas and Au-

san presented weed control research data for maize (1978b) and discussed weed 

control experiences and research in groundnut (1978c). Studies were made on 

the role of weeds in the incidence of 'hartrot' or 'fatal wilt' of palms 

(Kastelein, Karyosemito and Segeren, 1984; Segeren and Alexander, 1984; 

Segeren, Sparnaay and Kastelein, 1984; Kastelein, 1987). Keisers (1984, 

1985) studied the effect of red rice on yield of wetland rice and possible 

cultural control of red rice. Keisers and Paidin (1986) evaluated post-emer­

gence herbicide treatments for weed control in wetland rice. 

Available data on weeds at the experimental farms Coebiti and Kabo are 

discussed below, with emphasis on the introduction of weeds and on weed 

control in annual crops. 

Weed flora 

Coebiti, the first weeds 

Perhaps the first reference to weeds in fields at Coebiti after the clearing 

of the forest is Hoving (1973), who reported that in his 1972 experiments, 

i.e. three years after clearing, very little weed growth developed, except 

for some spots in groundnut and mungbean plots on the more heavy soils, 
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where quite a few grasses appeared. The weeds, however, were not identified. 

In a report on observations on leguminous crops at Coebiti between December 

1972 and May 1973, van Slobbe and Wienk (1973) mentioned Physalis sp. and 

Hyptis sp. as the predominant dicotyledonous weeds in these observations. 

Grasses were not or hardly found. Weed growth in general, however, was very 

limited due to drought. Van Muijlwijk (1974a) noted that in a 1973 groundnut 

experiment, weeds, especially grasses (Digitaria spp.), were causing prob­

lems. Broadleaved weeds were present (a.o. Physalis sp.), but not to a 

serious degree. In another experiment during the same year (van Muijlwijk, 

1974b), weed incidence was found to be low and weed growth consisted almost 

completely of dicotyledons, especially Borreria latifolia (Aubl.) Schum., 

while Physalis angulata L. and Croton trinitatis Millsp. (cited as C. 

miquelianus L.) were also found. Cyperaceae were dominant in wet places. 

Budelman and Ketelaars (1974) identified weeds at Coebiti in late 1973 or 

early 1974 and listed the following species: Andropogon bicornis L., Borreria 

latifolia, Digitaria cf. horizontalis Willd., Euphorbia thymifolia L., Lin-

dernia Crustacea (L.) F.v.M., Ludwigia erecta (L.) Hara (cited as Jussieua 

erecta L.), Mariscus ligularis Urb., Physalis angulata and Vernonia cinerea 

(L.) Less.. Van Muijlwijk (1974c) mentioned as weeds at Coebiti, Alternan-

thera sessilis (L.) R.Br., Borreria latifolia, Digitaria horizontalis, Lud­

wigia erecta (cited as Jussieua erecta), Mariscus ligularis, Physalis angula­

ta, Portulaca oleracea L. and Torulinium ferax Urb.. Digitaria horizontalis 

and Portulaca oleracea were found as weeds in a 1974 cowpea variety trial 

(van Muijlwijk, 1974d) . 

In 1975 Bink reported on weeds in a 1974 experiment, of which the fol­

lowing had not been mentioned previously: Amaranthus dubius Mart., Cyperus 

sp., Eleusine indica (L.) Gaertn., Emilia sonchifolia (L.) D C , Euphorbia 

hirta L., E. hypericifolia L. , Oldenlandia corymbosa L., and Paspalum 

conjugatum Berg.. These data concern weeds in annual crops. No data were 

found for weeds in the early observations on perennial crops and pastures. 

The annual crops were planted in initially unused areas that had been planted 

^-Euphorbia hypericifolia was not found again at Coebiti, and this 
record probably represents Euphorbia hyssopifolia L., a closely resembling 
species commonly found at Coebiti (Everaarts, unpublished data). 
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with tropical kudzu {Pueraria phaseoloides (Roxb.) Benth.) after clearing. 

Although the kudzu cover is likely to have hampered the establishment and 

spread of weeds, once the cultivation of annual crops had started on these 

locations, the occurrence of weeds seems to have increased rapidly. 

The above data illustrate that at the end of the first two years of 

annual crop cultivation, a substantial number of weed species found in 

crops in other areas in Suriname (Dirven, 1968; Dumas and Ausan, 1978a; 

Segeren, Sparnaay and Kastelein, 1984) were present at the Coebiti farm. 

More species may have been present but gone unnoticed or unmentioned. 

From 1975 onwards more reports appeared mentioning weed species in experi­

ments at Coebiti (Muileboom-Muffels, 1975; van de Weg, 1975; van de Wall, 

1975; Bink, 1976; van der Sar and Vermaat, 1978). Later on, inventory studies 

of weeds were made at Coebiti (van Grootveld, 1979; Kloos, 1980; Segeren, 

Sparnaay and Kastelein, 1984). 

Kabo, the first weeds 

The forest vegetation was surveyed prior to clearing. Only a few herbaceous 

plants were present and no species known as weeds were found. To check the 

presence of weed seeds in the soil, several samples consisting of litter 

and topsoil were taken and spread out for germination and identification of 

seedlings. Only one genus, Cecropia (Moraceae), a well known tree species 

of secondary forest, could be identified with certainty, and no conclusions 

could be drawn (Anon., 1980). 

In 1979, the year in which the clearing of Kabo was completed, van Groot­

veld (1979) found that prior to land preparation for crop cultivation, the 

grasses Digitaria horizontalis, Echinochloa colonum (L.) Link and Eleusine 

indica, and the sedge Fimbristylis littoralis Gaud, (cited as F. miliacea 

(L.) Vahl) occurred spotwise all over the cleared area. Furthermore, he 

reported that under the same conditions, the broadleaved weeds Amaranthus 

dubius, Borreria laevis (Lam.) Griseb., Conyza canadensis L., Isotoma longi-

flora (L.) Presl (cited as Laurentia longiflora L.), Ludwigia erecta (cited 

as Jussieua erecta) and Oldenlandia corymbosa were found as species occurring 
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as single plants, often the only plant at Kabo . A few months after this 

first observation, the situation had not changed much, except for an in­

creased number of sedge species, now also including Cyperus rotundus L. (van 

Grootveld, 1979) . A quick establishment of weeds and herbaceous wasteland 

plants appears to have taken place at Kabo, because in 1980, two years after 

clearing had started, Kloos (1980) reported about 46 such species. 

These results show that somehow, once the site had been cleared from 

forest and agricultural activities had started, many weed and wasteland 

species appeared and established themselves in this isolated location in 

the interior. 

Weed invasion 

No data on the vegetation of the Coebiti farm prior to clearing and cultiva­

tion have been found. Typical agricultural weeds, however, do not occur in 

undisturbed tropical rain forests. Nevertheless, it cannot be excluded that 

weed species later on occurring at Coebiti may have been present in the 

farm area before clearing, as Coebiti was cleared from exploited forest. 

The construction of a road system in the Zanderij area in the 'sixties, the 

clearing of the forest, the establishment of a forestry nursery, and the 

planting of Pinus caribaea Morelet near the future Coebiti farm area, to­

gether with the exploitation of the farm area itself, may have facilitated 

the introduction of plants formerly foreign to the area. In the Brokopondo 

district of Suriname, alien vegetations developed following road construction 

(Ketelaars and Budelman, 1976). Yet even exploited forest, such as at Coebi­

ti, is an unlikely habitat for agricultural weeds and Kabo was cleared from 

undisturbed forest. But at both locations a weed flora flourished with the 

beginning of agricultural activities. 

^Of these six species Conyza canadensis and Isotoma longiflora have 
never been found again at Kabo, and these names are suspected to represent 
misidentified specimens of Conyza bonariensis (L.) Cronq. and Erechtites 
hieracifolia (L.) Rafin. ex DC. respectively, while archive material at 
CELOS makes it likely that Borreria laevis actually was Borreria latifolia. 
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In Table 1, some selected weeds of crops grown in the coastal plain of 

Suriname, and which are also found at Coebiti and Kabo, are presented. 

None of these species have their natural habitat in the forest. Some may have 

come to Coebiti or Kabo from ruderal sites or from shifting cultivation 

plots in the Zanderij area. However, given the very frequent agriculturally 

Table 1. Plants found as weeds of crops In the coastal plain of Suriname, also 

found at the experimental farms Coebiti and Kabo in the Zanderij area 

(Dirven, 1968;^Dumas and Ausan, 1978a; Kloos, 1980; Everaarts, unpu­

blished data). 

AMARANTHACEAE 

Alternanthera sessilis (L.) R.Br. 

Amaranthvs dubius Mart. 

COMPOSITAE 

Eclipta prostrata (L.) L. 

(Eclipta alba (L.) Hassk.) 

Emilia sonchifolia (L.) DC. 

Vernonia cinerea (L.) Less. 

CYPERACEAE 

Cyperus luzulae Retz. 

Cyperus rotundus L. 

Mariscus ligularis Urb. 

(Cyperus ligularis L.) 

Torulinium ferax Urb. 

(Cyperus ferax L.C. Rich.) 

EUPHORBIACEAE 

Croton hirtus L'Hérit. 

Croton trinitatis Millsp. 

(Croton miquelianus L.) 

Euphorbia heterophylla L. 

Euphorbia hirta L. 

Phyllanthus amarus Schumach. et Thonn. 

Phyllanthus urinaria L. 

GRAMINEAE 

Cenchrus echinatus L. 

Cynodon dactylon (L.) Pers. 

Digitaria horizontales Willd. 

Eleusine indica (L.) Gaertn. 

Echinochloa colonum (L.) Link 

ONAGRACEAE 

Ludwigia hyssopifolia (G. Don) Exell 

(Jussieua linifolia Vahl) 

Ludwigia octovalvis (Jacq.) Raven 

(Jussieua suffruticosa L.) 

PORTULACACEAE 

Portulaca oleracea L. 

RUBIACEAE 

Borreria latifolia (Aubl.) Schum. 

SCROPHULARIACEAE 

Lindernia Crustacea (L.) F.v.M. 

Scoparia dulcis L. 

SOLANACEAE 

Physalis angulata L. 

related contacts with the coastal plain, it is most likely that the majority 

of the species were brought from outside the Zanderij area, i.e. from the 

coastal plain. 
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No research has been done to investigate precisely how the species could 

possibly have got to Coebiti and Kabo. The most likely explanation would be 

that seeds or plant fragments had stuck to equipment, footwear or clothing. 

Seeds or plant parts may also have been brought in with jute bags or as 

impurities of crop seeds and other planting material. Agricultural machin­

ery of the Centre for Agricultural Research in Suriname (CELOS) at Parama­

ribo, was frequently moved back and forth to Coebiti, and weed species 

could easily have been transported in this way. For research purposes, 

mulching material harvested from the CELOS experimental fields was carried 

to Coebiti, and seeds or fragments of weeds could have been brought along. 

Later on, regular traffic and exchange of equipment between Coebiti and 

Kabo is likely to have contributed to the rapid build up of the weed and 

wasteland flora at Kabo. 

Because of the isolation of the experimental farms, the distance to the 

nearest agricultural area of any significance (>45 km north as the crow 

flies), and the natural vegetation of the roadsides involved, it is unlikely 

that other means of dispersal, such as wind, birds or 'travelling' along 

the roadsides have contributed much to the build up of the weed flora of 

Coebiti and Kabo. 

Practical implications 

General sanitary measures such as the use of clean planting material, and 

the prevention of the dispersal of weed seeds or fragments through their 

adherence to people or objects, contribute to prevent a rapid build up of a 

noxious weed flora in newly-opened agricultural areas such as Coebiti and 

Kabo. To prevent further spread, especially of weeds that are difficult to 

control, e.g. Cyperus rotundus, it is essential to clean and check equipment 

before moving from field to field. 

Weed control 
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Research 

Probably the first experiment at Coebiti, in which specific attention was 

paid to weed control, was done by Bink (1975) in 1974. He studied the effects 

of leaf spot {Cercospora spp.) control, fertilizer application and removing 

weeds from plant rows at 34 days after planting, on the yield of groundnuts. 

The whole experiment was weeded twice between the rows, at 10 and 34 days 

after planting, while paraquat had been applied pre-planting, one week af­

ter tillage. Cercospora control and fertilizer application significantly 

increased yields, but weeding in the rows had no effect. However, at harvest 

the dry weight of weeds in fields with Cercospora control, was about one 

third of that in fields without Cercospora control. An effect mainly attribu­

table to a more well-developed crop canopy. The application of fertilizer 

did not affect weed growth. Removal of weeds from plant rows 34 days after 

planting reduced the amount of weeds at harvest time by fifty per cent. 

Cercospora control, fertilizer application and weeding together reduced 

weed growth to one sixth of that of the plots without any treatment. Although 

no effect of weed growth in the rows on yield was found, the results of 

this trial indicate the importance of a healthy crop in relation to competi­

tion with weeds. 

In 1975, the application of three different herbicides, with or without 

hilling, in groundnuts was studied for effects on yield and weed growth 

(Muileboom-Muffels, 1975). The herbicides prometryne (1.25 kg ha"1 a.i.), 

diphenamid (5.60 kg ha a.i.), and paraquat (0.5 per cent Gramoxone solu­

tion), were applied pre - emergence, while hilling was done at four weeks after 

planting. In the plots treated with paraquat, one additional hand-weeding 

between the rows was done at three weeks. No significant differences in 

yield were found between the herbicide treatments. A slightly beneficial 

effect of hilling on yield was observed only where prometryne had been ap­

plied. Hilling significantly reduced weed growth between but not in the 

rows. 

In a trial comparing three methods of tillage, ploughing, rotovating 

and minimum tillage, it was noticed that weed growth was generally poorest 

on the ploughed plots and strongest on the minimum tillage plots, with roto­

vating generally in between (van der Sar, 1976). Under dry conditions suffi­

cient control of weeds could be achieved either by mechanical- or by hand-
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weeding. Under wet conditions, paraquat was sprayed under a protective 

shield. 

Weeding in maize, sorghum, soybeans and groundnuts, significantly in­

creased yields in two experiments (van der Sar and Vermaat, 1978). In the 

early maturing crop mungbean, weeding had no clear effect on yields. Cowpea, 

another short duration crop, benefited most if weeding was done only once, 

a second weeding resulted in lower yields due to damage to the crop. Because 

of a more closed canopy, the leguminous crops generally competed stronger 

with the weeds than maize and sorghum. 

In some field trials at Coebiti with the crop cultivation methods of the 

time, mechanical weed control methods, sometimes combined with the use of 

paraquat, became more and more inadequate in controlling the weeds (espec­

ially Eleusine indica). Therefore the use of herbicides, other than para­

quat, was investigated to improve weed control. Details and results of 

these investigations were reported in the quarterly reports of the Centre 

for Agricultural Research in Suriname (CELOS) and in the annual reports of 

the research programme: "The permanent cultivation of rainfed annual crops 

on the loamy soils of the Zanderij formation", at CELOS, Paramaribo (see 

Chapter I). 

In a non-replicated study, atrazine at 2.8 kg ha"-1- a.i. proved to be 

safe to use in maize, whether applied four days before planting, with or 

without soil incorporation, or pre-emergence. When applied at the same 

rate and in the same ways in sorghum, this herbicide adversely affected 

crop emergence irrespective of how it was applied, and depressed the crop 

yield when applied before planting without soil incorporation. Leguminous 

crops planted on the observation site after harvest, showed no signs of 

damage due to atrazine residues. Alachlor at 2.16 kg ha"-'- a.i., also applied 

pre-planting, with or without soil incorporation, and pre-emergence (post-

planting, cassava), did not produce visible signs of damage to groundnuts, 

soybeans, cassava, or mungbean. When applied pre-emergence it retarded 

growth of cowpea, but this did not result in yield loss. Weed growth was 

reduced by all herbicide treatments. However, weed growth was moderate. 

Mungbean and groundnut yields were higher with herbicide application, but 

maize and cowpea yields were largely unaffected. Cassava and soybean yields 

were not determined. 
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The damage to sorghum when atrazine was applied at 2.8 kg ha a.i., 

led to an experiment in which pre-emergence application of atrazine at 

lower concentrations, viz. 0.4, 0.8, 1.2 and 1.6 kg ha a.i. were compared 

with no weeding and with weekly hand-weeding up to nine weeks after planting. 

Hand-weeding resulted in the highest yield. Damage by atrazine was not 

noted either on emergence or on development of the crop, but it was con­

cluded that weed growth was insufficiently controlled at any concentration. 

From another study, in which pre-emergence applications of atrazine, with or 

without supplementary hand-weeding, and post-emergence applications were 

compared, it was concluded that atrazine in sorghum could probably be best 

applied as a post-emergence herbicide about one week after planting. No 

conclusions could be drawn about the optimum rate. 

In a trial with maize, comparing direct planting (no tillage) and planting 

in 0.10 m wide, 0.06 m deep rotovated strips (minimum tillage), the tillage 

system had no effect on weed density six weeks after planting, but weed 

weight at harvest was higher with direct planting. The method of planting 

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 atra­

zine, alachlor and paraquat. 

In an experiment with sorghum, in which the post-emergence application 

of atrazine (2.5 kg ha a.i. at 16 days after planting) and the pre-emer­

gence application of prometryne (1.25 kg ha*-*- a.i.), cyanazine + propachlor 

(1.5 + 4 kg ha a.i.) and terbutryne (2.4 kg ha a.i.) were compared with 

hand-weeding once at 23 days after planting, the highest yields were obtained 

with the application of terbutryne and the combination of cyanazine + propa­

chlor. Control of weeds, as judged visually at six weeks after planting, 

was generally satisfactory with all treatments. Control of Cenchras echinatus 

L., however, posed problems (Ausan and Pultoo, 1984). 

All the above-mentioned observations were made at Coebiti. The data only 

concern weed control in annual crops. No literature was found on weed control 

experiments in other crops. No observations on weed control were made at 

Kabo. 

These results show that knowledge concerning weed control methods under 
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the local conditions is still fragmentary. Competition between weeds and 

crops, resulting in loss of yield certainly occurs, however, and weed control 

has proved to be essential. 

Weed control practices 

Weed control practices in annual crops (including cassava) in the early 

experiments at Coebiti were hand-weeding with either a hoe or a Dutch hoe, 

while herbicides (mainly paraquat) have also been applied. Mechanical hoeing 

and rotovating were also tried, as well as hilling in groundnut. When soil 

conditions limited tillage, paraquat was used as a post-emergence spray 

under a protective shield between rows. Gradually, the emphasis was placed 

exclusively on chemical weed control. 

In observations made by the Agricultural Experiment Station (Lata, 1983), 

the herbicides atrazine and alachlor were applied for control of weeds. 

During the last years of the research programme on annual crops (see 

Chapter I) weed control methods generally consisted of post-planting spraying 

of alachlor at 2.4 kg ha"1 a.i. in cassava and the pre-emergence application 

of alachlor at the same rate in groundnuts, soybeans, cowpea, mungbean and 

maize. When maize was cultivated after groundnuts, the application of ala­

chlor was followed by an application of atrazine at 2.5 kg ha a.i., ten 

to fourteen days after emergence, primarily to control volunteer groundnut. 

Weeds in sorghum were controlled by applying atjrazine at 2.5 kg ha"1 a.i. , 

ten to fourteen days after emergence. Paraquat as a pre-emergence applica­

tion, at 0.4 kg ha a.i., was used in combination with the herbicides men­

tioned in no tillage or minimum tillage cultivation. A spray-volume of 400 

1 water per hectare was recommended. 

Some euphorbiaceous weeds were not sufficiently controlled by alachlor 

at the applied rate. Overall weed control with these herbicide regimes 

was, however, generally satisfactory. Nevertheless, under conditions such 

as excessive rainfall just after application, there was the possibility 

that the effectiveness of the herbicides was reduced, sometimes necessitating 

supplementary weeding by hand. Mowing and disc-harrowing of the fallow vege­

tation remained essential to reduce the regrowth of weed fragments, especial­

ly where grasses or creeping-rooting weeds dominated the fallow vegetation. 
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Well-known noxious weeds, such as Cyperus rotundus, continued to pose prob­

lems . 

Although some studies were made, the rates and types of herbicides that 

were used for weed control in annual crops were not based entirely on locally 

developed recommendations, and the same control could possibly be achieved 

by using lower dosages of the same or other herbicides, whether or not in 

combination with a different timing of application. 

Weed control in other crops 

Information on the need for weed control or on weed control methods in 

crops at Coebiti other than the ones discussed above is limited. 

Weeds in plantain were initially controlled with herbicides (no details 

given), but later by hand-weeding (machete) (Parsan, van der Weert and Lense-

link, 1974). Soe Agnie (1978) presenting the results of experiments with 

fertilizer application in sugar cane, mentioned only that weed control and 

crop protection were carried out, if necessary. Soerodimedjo (1982) discussed 

pineapple experiments, but did not give data on weed control. Earlier it 

had been mentioned that a herbicide, hand-weeding and covering the soil 

with black plastic had been applied for control of weeds (Soerodimedjo and 

de Freitas, 1979). In observations on citrus, weeding around the trunk was 

done by spraying paraquat, while the rest of the field was covered by tropi­

cal kudzu. After die-off of the ground-cover, due to drought, weeding was 

done by mowing with a tractor-mounted rotary mower (Hansour and Spong, 

1985). 

In a first observation in a grass/crop rotation study, Brachiaria sp. 

demonstrated a longer regrowth period after a maize crop than DigiCaria 

swazilandensis Stent, which makes weed control necessary (Tjong A Hung, 

1978). No mention of weeds was made by Brandon-van Steyn and Simons (1983), 

or by Simons (1984) in experiments with grasses. Experimental plots in 

their observations were not large, however, and weed growth probably was no 

problem. 

24 



References 

Anon., 1980. Vegetation, pp. 24-25 in: Annual Report 1978. Project: "The 

permanent cultivation of rainfed annual crops on the loamy soils of 

the Zanderij formation". CELOS, Paramaribo. 

Ausan, S. en H. Pultoo, 1984. De bestrijding van onkruiden in sorghum. 

Unpublished report. Afdeling Onkruidbeheersing en Graangewassen. Landbouw-

proefstation, Paramaribo. 

Bink, J.P.M., 1975. Een cultuurmaatregelenproef bij aardnoot, Arachis hypo-

gaea L. cv. Matjan; de effecten van bemesten, bespuiten tegen bladvlekken-

ziekte en wieden op de opbrengst. CELOS Rapporten, 110,1, 1-12. 

Bink, J.P.M., 1976. Een rassenproef met Arachis hypogaea L. CELOS Rapporten, 

118,3, 1-11. 

Brandon-van Steyn, M. and A.P. Simons, 1983. Production of four tropical 

grasses on three soil types of the Zanderij formation. De Surinaamse 

Landbouw, 31, 71-75. 

Budelman, A. en J.J.M.H. Ketelaars, 1974. Een studie van het traditionele 

landbouwsysteem onder de boslandcreolen. CELOS Rapporten, 96, 1-148. 

Dirven, J.G.P., 1968. De onkruidvegetatie in akkerbouwgewassen op lemige 

zandgronden van de oude kustvlakte. De Surinaamse Landbouw, 16, 123-130. 

Dirven, J.G.P., 1970. De onkruidvegetatie op braakliggende rijstvelden in 

Suriname. De Surinaamse Landbouw, 18, 47-63. 

Dumas, R.E. en S. Ausan, 1978a. Onkruiden in pinda-aanplantingen in de 

Surinaamse kustvlakte. Intern Rapport No. 33. Afd. Planteziektenkundig 

Onderzoek-Onkruidbestrijding. Landbouwproefstation, Paramaribo. 

Dumas, R.E. and S. Ausan, 1978b. Post-planting weed control treatments 

for maize in Suriname. Proceedings Caribbean Food Crops Society, 15, 

164-174. 

Dumas, R.E. and S. Ausan, 1978c. Research results and practical experiences 

regarding weed control in peanuts in Suriname. Proceedings Caribbean Food 

Crops Society, 15, 272-287. 

Grootveld, R. van, 1979. Onkruidinventarisatie te Coebiti en te Kabo. Unpub­

lished report. Project LH/UvS 02. CELOS, Paramaribo. 

Hoving, E., 1973. Eerste aanplantingen van peulgewassen in de proeftuin 

Coebiti. 1. Observatie-aanplantingen van soja, aardnoot en katjang idjo. 

CELOS Rapporten, 83,4, 1-14. 

25 



Kastelein, P., C. Karyosemito and P. Segeren, 1984. The role of weeds in 

the incidence of 'hartrot' or 'fatal wilt' of palms: III. Enumeration 

of weeds as hosts of the protozoa Phytomonas (Trypanosomatidae) and 

attempts at culturing the flagellates. De Surinaamse Landbouw, 32, 

25-42. 

Kastelein, P., 1987. Investigations on 'Hartrot' of coconut and oil palms 

in Suriname. Thesis, University Utrecht. 

Keisers, J.T., 1984. Effect of red rice (Oryza rufipogon Griff.) on grain 

yield and milling yield of rice (0. sativa L.). De Surinaamse Landbouw, 

32, 60-64. 

Keisers, J.T., 1985. Control of red rice (Oryza rufipogon Griff.) in rice 

(0. sativa L.). De Surinaamse Landbouw, 33, 35-43. 

Keisers, J.T. and P. Paidin, 1986. Post-emergence herbicide treatments 

for weed control in direct-seeded wetland rice. De Surinaamse Landbouw, 

34, 33-39. 

Ketelaars, J.J.M.H. en A. Budelman, 1976. Antropogene vegetaties in het 

Brokopondo-district, Suriname. Unpublished report. Dept. Planttaxonomy 

and -geography, Agricultural University, Wageningen. 

Kloos, J.P., 1980. Inventarisatie kruidachtige wilde planten en onkruiden 

in de proeftuinen Coebiti en Kabo. Unpublished report. Project LH/UvS 

02. CEL0S, Paramaribo. 

Kouwenhoven, J.K., 1973. Grondbewerking gericht op de permanente teelt 

van droge eenjarige gewassen in Suriname. Landbouwkundig Tijdschrift, 

85, 63-72. 

Lata, G.S., 1983. Summary of sorghum trials at Coebiti from 1979 - 1983. 

Internal Report No. 57. Cereals Division. Agricultural Experiment Station, 

Paramaribo. 

Mansour, R. and C. Spong, 1985. Citrus research on the Zanderij formation. 

De Surinaamse Landbouw, 33, 29-34. 

Muileboom-Muffels, T., 1975. Een cultuurmaatregelenproef bij aardnoot (A-

rachis hypogaea L. cv. Matjan). Het effect van al dan niet aanaarden bij 

chemische of mechanische onkruidbestrijding. CEL0S Rapporten, 105,1, 

1-17. 

Muijlwijk, T. van, 1974a. Een plantverbandproef met aardnoot. CELOS Rappor­

ten, 95,1, 1-10. 

Muijlwijk, T. van, 1974b. Een bekalkingsproef met aardnoot. CELOS Rapporten, 

26 



95,2, 1-11. 

Muijlwijk, T. van, 1974c. Onderzoek aan aardnoot te Coebiti in de periode 

december 1973 - april 1974. CELOS Rapporten, 95,3, 1-34. 

Muijlwijk, T. van, 1974d. Vergelijking van een aantal cowpea-cultivars 

van het blackeye type. CELOS Rapporten, 95,4, 1-7. 

Parsan, R., R. van der Weert en K.J. Lenselink, 1974. Produktieresultaten 

van een beregeningsproef bij bacoven te Coebiti. Intern Rapport No. 

336. Afd. Bodemkundig en Agrohydrologisch Onderzoek. Landbouwproefstation, 

Paramaribo. 

Sar, T. van der, 1976. Tillage for dry annual crops in the humid tropics. 

De Surinaamse Landbouw, 24, 93-98. 

Sar, T. van der en P. Vermaat, 1978. Onkruidbestrijdingsproeven in een 

aantal droge eenjarige gewassen (Project 76/11; Co 107). CELOS Rapporten, 

127, 1-19. 

Segeren, P. and V.T. Alexander, 1984. The role of weeds in the incidence 

of 'hartrot' or 'fatal wilt' of palms: I. The effect of weeding in coco­

nuts. De Surinaamse Landbouw, 32, 7-12. 

Segeren, P., Th. Sparnaay and P. Kastelein, 1984. The role of weeds in 

the incidence of 'hartrot' or 'fatal wilt' of palms: II. Inventory of 

weeds in eight coconut fields. De Surinaamse Landbouw, 32, 13-24. 

Simons, A.P., 1984. Red mud (bauxite residue) as a potential liming alterna­

tive for acid soils in Suriname: crop yield improvement. De Surinaamse 

Landbouw, 32, 100-113. 

Slobbe, W.G. van en J.F. Wienk, 1973. Peulvruchten onderzoek in de STIPRIS 

proeftuin Coebiti. Verslag over de periode december 1972 - mei 1973. 

Unpublished report. CELOS, Paramaribo. 

Soe Agnie, I.E., 1978. Preliminary results of sugar cane experiments on 

the sandy loam soils of the "Zanderij" formation. Proceedings Caribbean 

Food Crops Society, 15, 310-318. 

Soerodimedjo, F.W., 1982. Pineapple experiments in Suriname. De Surinaamse 

Landbouw, 30,2/3, 9-13. 

Soerodimedjo, F.W. en M. de Freitas, 1979. Resultaten van het ananasonder-

zoek in 1976-1979. Intern Rapport No. 45. Gewassenonderzoek Afdeling 

Vruchtbomen. Landbouwproefstation, Paramaribo. 

Tjong A Hung, A.R., 1978. Grassland. Proceedings Caribbean Food Crops Socie­

ty, 15, 353. 

27 



Wall, F.W. van de, 1975. Vaststelling van de optimale plantdichtheid van 

de aardnootcultivar Matjan bij de bestrijding van de bladvlekkenziekte. 

CELOS Rapporten, 110,3, 1-15. 

Weg, W. van de, 1975. Vergelijking van fungiciden en hun toepassingsfrequen­

ties ter bestrijding van Cercospora spp. bij aardnoot. CELOS Rapporten, 

110,2, 1-16. 

Wouters, L.J.A., 1965. The control of pests and diseases at the Wagenin­

gen riceproject in Surinam. Bulletin, 82, 369-407. Agricultural Experiment 

Station, Paramaribo. 

28 



Chapter III 

EFFECTS OF COMPETITION WITH WEEDS ON GROWTH AND YIELD OF GROUNDNUTS 

Introduction 

In many tropical countries, weed competition may cause serious yield losses 

in groundnuts (Arachis hypogaea L.) (Bunting and Lea, 1957; Goldson, 1967; 

Ishag, 1971; Raj and Wong, 1975; Carson, 1976; Rethinam et al., 1976; Drennan 

and Jennings, 1977; Krishnamurthy et al., 1981; Lagoke, Choudhary and Tanko, 

1981; Raghvani, Goyal and Patel, 1984; Yadav, Singh and Bahn, 1984; Singh 

et al., 1985; Hamada, Babiker and Khalifa, 1988). 

Competition between crop and weeds may vary, among other factors, with 

local conditions (Smartt, 1964; Schiller, Prasart Dogkeaw and Prasit Jina, 

1976) , cultivars (Brown, 1965), fertilizer application (Ashrif, 1967), sea­

son (Hamdoun, 1977) and type of weed flora (Hamada, 1988). 

The published results suggest that, in general, weeding during the first 

four to about eight weeks after planting is essential. 

A brief review of weed control in tropical groundnuts is given by Moody 

(1979). Moody, Robles and Floresca (1986) presented a review of weed control 

in groundnuts in the Philippines. 

Research results and practical experience regarding weed control in 

groundnuts in Suriname have been discussed by Dumas and Ausan (1978). In 

the only study on competition (Oomkes, unpublished), a six week period af­

ter planting without weed control caused no yield reduction, but an eight 

week period reduced the yield. Without any weed control yield reduction was 

54 per cent. The study was done in the coastal plain of Suriname. 

This chapter reports the results of two experiments in which the effects 

of weeds on growth and yield of groundnuts in the inland Zanderij area of 

Suriname were studied. 

Materials and methods 
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General 

The experiments were carried out at the experimental farm Coebiti (see 

Chapter I ) , during the late long rainy season of 1982 (Expt 1) and the 

short rainy season of 1982-83 (Expt 2). Data on rainfall during the experi­

ments are presented in Fig. 1. 

Rainfall, mm 

60-

*of 1 
Expt 1 

30-

20 

10-

0 J 

30-

20-

10-

lliiii . lily. J, j M J 
10 20 30 40 50 60 70 80 90 Days after planting 

77 82 90 72 61 24 9 4 29 (24) Rainfall, mm lOd"1 

19 24 34 40 48 51 50 55 

Expt 2 

42 (10) Potential evapo- . 
transpiration, mm lOd 

20 30 40 50 60 70 80 90 Days after planting 
83 56 108 16 3 21 52 132 24 (1) Rainfall, mm lOd"1 

16 17 20 28 35 37 37 38 29 (2) Potential évapo­
transpiration, mm 10d" 

Fig. 1. Daily rainfall, and rainfall and potential évapotranspiration per 

ten days during the experiments. 

To evaluate competition for water between crop and weeds, potential évapo­

transpiration of the crop during the experiments was calculated as free 

water evaporation x crop coefficient (Fig. 1). Free water evaporation was 

calculated according to the Penman equation, as amended by Doorenbos and 

Pruitt (1977). The crop coefficient was taken as 0.45 during the first 10 
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DAP , subsequently increasing linearly to 0.95 at mid-season (45 DAP) and 

then decreasing linearly from 80 DAP onwards to 0.55 at harvest. 

The soils of the experimental fields are a predominantly sandy (Expt 1) 

and a sandy loam soil (Expt 2) and are acid and of low fertility. They are 

classified as yellow kaolinitic Oxisols intergrading towards Ultisols. Soil 

chemical properties are given in Table 1. 

Table 1. Chemical properties of the soil (0-20 cm) of the 
experimental fields. 

Expt 1 Expt 2 

Org. C, g kg 

Org. N, g kg 

pH-KCl 

pH-H20 

Exch. Ca, mmol(+) kg 

Mg, mmol(+) kg 

K , mmol(+) kg 

Na, mmol(+) kg 

Al, mmol{+) kg 

ECEC, mmol(+) kg 

100 x exch. Al/ECEC 

CEC, pH7, mmol(+) kg 

P-Bray I, rag kg P 

8.3 

0.6 

4.5 

-
10.0 

0.4 

0.3 

0.2 

1.9 

12.7 

15 

23.8 

30.7 

16.2 

1.3 

4.2 

5.3 

12.8 

4.9 

2.0 

1.4 

4.7 

25.9 

18 

43.9 

29.6 

(ECEC = Effective Cation Exchange Capacity; 

CEC = Cation Exchange Capacity). 

Cultivation practices 

Before soil preparation, the experimental fields were limed at the rate of 

400 kg ha_J- Ca. Seeds were machine-planted in rows 0.5 m apart, at 0.105 m 

in the row, immediately after disc-harrowing, ploughing and harrowing. Open 

spaces were replanted at emergence, resulting in densities of 160 000 (Expt 

1, 20 DAP) and 175 000 (Expt 2, 14 DAP) plants ha"1. At planting, Rhizobium 

inoculum was given and 18 kg N, 37 kg P and 74 kg K per hectare were band-

placed near the seeds. Around four weeks after planting, gypsum, at the 

DAP: Days After Planting 
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rate of 29 kg ha Ca, was applied over the rows. The early maturing Spanish 

type cultivar Matjan was used in both experiments. A fungicide for leafspot 

and rust control was routinely applied. Seeds were desinfected with a fungi­

cide in the second experiment, but not in the first. Harvesting was done 

manually at 94 (Expt 1) and 91 (Expt 2) DAP. 

Experimental procedures 

The experiments had a randomized complete block design, replicated five 

times. 

There were two series of six treatments. One series consisted of: 

(a) keeping the crop weed-free, by hand-weeding, for six periods of an 

increasing number of days from planting onwards, after which time weed 

growth was permitted. 

The other series consisted of: 

(b) allowing the weed vegetation to develop freely for identical periods 

as under (a), after which time the crop was weeded, and kept weed-

free by hand. 

The plots consisted of four 7.5m long rows and were subdivided into two 3 

m long subplots comprising both centre rows. One subplot was set aside for 

the determination of final pod yield and yield components. 

In the other subplot at the end of each weed-free period or period without 

weed control, the following observations were made: 

- The degree of ground-cover of crop and weed vegetation was visually esti­

mated; 

- Of five crop plants the above-ground parts and pods were pooled and ana­

lysed for N, P and K concentrations; 

- Five other crop plants were used to determine main stem length (up to the 

node with the last fully unfolded leaf), the number of nodes on the main 

stem (the cotyledonary node as first node) and the number of branches, 

leaves and pods present. Total leaf area of these five plants was esti­

mated using the punch disc method, punching, as a rule, twelve leaflets per 

plant. Dry weight of leaflets, stems (including leaf-stalks and gynophores) 
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and pods of these plants was determined after oven-drying at 85 °C 

(24 h) and 105 °C (2 h); 

- The remaining plants in the subplot were counted and the dry weight of 

their above-ground parts and pods, was determined; 

- In treatments (b), two 0.5 x 0.6 m samples of the above-ground part of 

the weed vegetation were taken lengthwise over the crop row to determine 

N, P and K concentrations and dry weight. 

With this experimental design - apart from evaluating effects on final pod 

yield - based on the observations made at the end of each weed-free period 

or period without weed control, the pattern of growth and development of a 

completely weed-free crop and of a crop without weed control at all, and of 

the weeds, could be analysed and compared. 

In Expt 2, the spatial distribution of weed growth was determined in the 

pod yield subplots with weed growth at harvest. A sample area of 

1 x 1 m was used which was subdivided in five adjacent strips of 0.125, 

0.25, 0.25, 0.25 and 0.125 m wide. 

Weed species 

The weed vegetation in Experiment 1 consisted mainly of Eleusine indica 

(L.) Gaertn., with Physalis angulata L. and Euphorbia heterophylla L. of 

secondary importance. Eleusine indica dominated in Experiment 2, with Amaran-

thus dubius Mart, as a secondary species. Other species were of minor or no 

importance. 

Results and discussion 

Ground-cover and leaf area index (LAI) 

In Experiment 1, ground-cover of the crop, irrespective of treatment, was 

highest around 50 DAP (Fig. 2). It subsequently declined because of wilting 
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and leaf-fall due to moisture shortage (Fig. 1). When, at around 90 DAP, 

there was again adequate moisture, the crop with weed control recovered but 

the crop without did not. Except at 95 DAP, no differences in ground-cover 

Ground-cover, % 

100 Expt 1 
80 

60 

20 

100 

80 

60 

40 

20 

* 
* 

Expt 2 

* * 
o— 

* * 
* * —o—o 

^ : 

10 20 30 40 50 60 70 80 90 100 

Days after planting 

Fig. 2. Ground-cover of the crop with (o) and without (•) weed control and 

of the weed vegetation (A). Following a one-sided t-test a signifi­

cant difference between treatments is indicated by (p^0.05) or * 

(p^O.01). 

between the crops with and without weed control were observed. Weed growth 

in this experiment was not abundant, which was at least partly due to a 

downpour of 35 mm at 10 DAP, which destroyed many weed seedlings. Ground-

cover of the weed vegetation remained low and decreased towards harvest as 

a result of moisture shortage. 

In Experiment 2, highest values for crop ground-cover, irrespective of 

treatment, were also reached in about 50 DAP. Competition effects became 

apparent between 27 and 49 DAP. From 49 DAP onwards, the difference in crop 
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ground-cover - and hence in light interception - between the crop with and 

without weed control increased. Weed growth in Experiment 2, in terms of 

ground-cover, was much more abundant than in Experiment 1. The weeds overgrew 

the crop and intermingling of crop and weed canopy resulted in supersedence 

and less efficient positioning of the crop leaves, which contributed to the 

decline in crop ground-cover. 

In Experiment 1, the LAI of the crop, irrespective of treatment, in­

creased continuously until the onset of the period of drought, when LAI 

values abrubtly declined due to withering and leaf-fall (Fig. 3). Treatment 

effects became apparent between 53 and 66 DAP and persisted until harvest 

(although statistically non-significant). The LAI values in Experiment 2 

increased more slowly than in Experiment 1. Differences between the crop 

with and without weed control became evident between 27 and 49 DAP and in­

creased with time. 

Leaf area index 

6n 

5-

i.-

3 

2-\ 

1 

Expt 1 

Wh-

-o 
-• 

10 20 30 40 50 60 70 80 90 100 
Days after planting 

Fig. 3. Leaf area index of the crop with (o) and without (•) weed control. 

Following a one-sided t test a significant difference between 

treatments is indicated by * (p^0.05) or % (pjCO.01). 
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Dry weight and growth rate 

In Experiment 1, dry weight and growth rate of the crop without weed control 

was not affected by weed competition until the moisture supply became limit­

ing and dry weights and growth rates in both treatments decreased (Fig. 4, 

Table 2). Dry weight in both treatments was affected by leaf-fall. Pod 

growth during the drought period may, at least partly, have originated from 

the redistribution of assimilates. When the moisture supply became limit­

ing, the weight of the weed vegetation decreased. 

In Experiment 2, the lower ground-cover and LAI of the non-weeded crop 

clearly reduced the assimilate supply. Effects of competition on growth 

rate and dry weight appeared between 27 and 49 DAP and persisted until 

harvest. Weed competition also influenced dry matter partitioning over the 

various plant parts. From 49 DAP onwards, relative stem weight was higher 

in the non-weeded crop at the expense of leaf and pod weight. Weed dry 

weight in Experiment 2 increased until harvest of the crop. 

Table 2. Average growth rates (kg ha d ) of the crop (above-ground 
parts and pods) and pods, with and without weed control. 

Expt 1 

Crop 

Pods 

weed-free 

no weed control 

weed-free 

no weed control 

17-31 

56 

59 

— 
— 

Period, 

31-53 

171 

168 

days after 

53-66 

152 

151 

98 

95 

planting 

66-80 

-32 

-79 

49 

26 

80-95 

30 

17 

31 

34 

Expt 2 13-27 27-49 49-69 69-83 83-92 

Crop 

Pods 

weed-free 

no weed control 

weed-free 

no weed control 

40 

41 

— 
-

144 

122 

107 

61 

92 

66 

82 

66 . 

75 

60 

49 

91 

49 

54 

Initial crop growth rate was higher in Experiment 1 than in Experiment 2, 

which is most probably related to the 28 per cent lower average level of 

radiation in Experiment 2, and possibly to associated effects of lower 

temperature. 
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Dry weight, 
kg ha-' x 10 » 

10 20 30 iO 50 60 70 80 90 100 10 20 30 40 50 60 70 80 90 100 
Days after planting 

Fig. 4. Dry weight (above-ground parts and pods) of the crop with (o) and 

without (•) weed control and of the weed vegetation (A, above-ground 

parts). Following a one-sided t test a significant difference between 

treatments is indicated by * (p^0.05) or * (p<0.01). 
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Development: 

Plant density was not influenced by treatment in either experiment, except 

at 31 DAP in Experiment 1 (Table 3). 

In both experiments, there was a tendency towards more elongated stems 

in response to presence of weeds (Table 3). In Experiment 1, this reaction 

started between 31 and 53 DAP. With the limited moisture supply, stem-lengths 

decreased and differences between treatments diminished. No consistent ef­

fects were observed on the number of nodes or on the length of the inter-

nodes in this experiment. 

Table 3. Development of the crop with and without weed control. 

Expt 1 

Number of plants 
, 2 

per 3 m 

Length of main 

stem, cm 

Number of nodes 

on main stem 

Length of 

internodes on 

main stem, cm 

weed-free 

no weed control 

weed-free 

no weed control 

weed-free 

no weed control 

weed-free 

no weed control 

17 

48 

49 

6 

5 

6 

7 

1 

1 

8 

6 

3 

0 

Days 

31 

50 

46* 

18.1 

18.4 

11 

11 

1.8 

1.9 

after 

53 

48 

48 

47.9 

50.6** 

17 

17 

3.0 

3.2 

planting 

66 

49 

47 

56.0 

59.1* 

19 

20 

3.2 

3.1 

80 

44 

46 

54.4 

55.8 

18+ 

16 

3.1+ 

3.7 

95 

48 

48 

55 

54 

19 

18 

3 

3 

3 

0 

1 

2 

Expt 2 83 

Number of plants 
, 2 per 3 m 

Length of main 

stem, cm 

Number of nodes 

on main stem 

Length of 

internodes on 

main stem, cm 

weed-free 

no weed control 

weed-free 

no weed control 

weed-free 

no weed control 

weed-free 

no weed control 

51 

52 

4 

4 

5 

6 

1 

1 

9 

9 

1 

1 

52 

55 

15.6 

15.7 

9 

10 

2.0 

1.8 

52 

51 

37.7 

39.0 

12 

12 

3.4 

3.7* 

53 

53 

41.8 
AT- r*+ 

45.6 

13 

13 

3.4 

3.9* 

51 

53 

48.4 

49.1 

16 

15* 

3.2 

3.6** 

51 

52 

49.2 

53.4 

17 

16 

3.1 

3.6** 

Following a one-sided t test a significant difference between treatments is 

indicated by * {p 4 0.05) or ** (p * 0.01). ( based on two replicates). 

In Experiment 2, extra elongation of the main stem as a reaction to competi-

38 



tion started between 27 and 49 DAP. The number of nodes tended to be lower 

without weed control and the length of the Internodes Increased. Extra elon­

gation of the main stem and increased length of internodes as a result of 

competition was also noted by Hamada (1988). The extra elongation of the 

main stem, and probably of the branches as well, is likely to have increased 

the relative stem weight in the crop without weed control. 

The number of branches per plant was not affected by treatment (Table 

4 ) . Reduced branching because of competition with weeds has been reported 

by Ishag (1971) and Hamada (1988). However, their observations refer to a 

'spreading bunch' cultivar, and the reaction to competition with weeds may 

vary for different cultivars (Brown, 1965). 

Table 4. Development of the crop with and without weed control. 

Expt 1 

Number of branches 

per plant 

Number of leaves 

per plant 

Number of pods 

per plant 

Dry weight per 

pod, g 

weed-free 

no weed control 

weed-free 

no weed control_ 

weed-free 

no weed control 

weed-free 

no weed control 

17 

3 

4 

11 

12 

-
-

-
-

Days 

31 

5 

S 

37 

36 

-
-

-
-

after 

53 

5 

5 

67 

66 

29 

31 

0 

0 

20 

21 

planting 

66 

5 

5 

66 

70 

31 

32 

0 

0. 

44 

48 

80 

5 

5 

30 

12** 

30 

25 

0 

0. 

68 

68 

95 

5 

5 

29 

25 

31 

31 

0.67 

0.66 

Expt 2 49 

Number of branches 

per plant 

Number of leaves 

per plant 

Number of pods 

per plant 

Dry weight per 

pod, g 

weed-free 

no weed control 

weed-free 

no weed control 

weed-free 

no weed control 

weed-free 

no weed control 

2 

2 

6 

5 

-
-

-

" 

4 

4 

25 

26 

-
-

-
— 

7 

7 

56 

49» 

28 

21* 

0. 

0. 

18 

15 

7 

7 

57 

41* 

31 

26 

0. 

0. 

48 

8 

7 

68 

50** 

36 

28* 

0.67 

41** 0.59* 

7 

7 

66 

53* 

33 

27 

0.76 

0.71 

Following a one-sided t test a significant difference between treatments is 

indicated by* (p « 0.05) o r « (p 4 0.01). 
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The number of leaves present per plant in Experiment 2, was significantly 

affected by treatment starting between 27 and 49 DAP (Table 4 ) . From 49 to 

69 DAP, the number of leaves in the non-weeded crop decreased, contributing 

to the decline in ground-cover and LAI, in this treatment during that period 

(Figs. 2, 3). In Experiment 1, the number of leaves present was affected by 

leaf-fall due to drought, regardless of treatment (at 80 and 95 DAP only 

green, presumably still functioning leaves were counted). The effect, how­

ever, was more pronounced in the non-weeded crop. 

Towards flowering, observations were made on the number of flowering 

plants and the number of inflorescences per plant. The presence of weeds 

had no effect on the timing of flowering or, at least initially, on the 

number of inflorescences per plant. The onset of flowering, defined as the 

moment that 50 per cent of the plants had produced at least one flower, 

fell between 24 and 31 DAP in Experiment 1. At 31 DAP, 86 per cent of all 

plants were in flower. In Experiment 2, the onset of flowering was between 

23 and 26 DAP. Ninety-two per cent of the plants in both treatments were 

flowering by 27 DAP. Neither the percentage of flowering plants nor the 

number of inflorescences per plant, at 31 DAP in Experiment 1 or at 27 DAP 

in Experiment 2, were influenced by the treatment. 

In Experiment 2, the number of pods per plant and weight per pod were 

lower in the absence of weed control (Table 4 ) . Relative reduction in weight 

per pod, as a result of competition, decreased towards maturity. The absence 

of a decrease in the number of pods in the non-weeded crop with continued 

competition, indicates that abortion of pods did not occur. In Experiment 

1, significant differences in the number of pods per plant or in weight per 

pod between treatments, were absent, although total dry weight of the pods 

was affected (Fig. 4 ) . This discrepancy, and the low number of pods in the 

non-weeded crop at 80 DAP in this experiment, are perhaps partly the result 

of harvesting difficulties due to the fragile state of the crop under the 

prevailing dry conditions. 

There could be several reasons for the lower number of pods per plant in 

the non-weeded crop. In Experiment 2 for example, the number of flowers 

could have been reduced. However, as generally many more flowers are produced 

than pods (Williams, Wilson and Bate, 1975), a smaller number of flowers 

can, at least partly, be compensated for by a higher percentage of flowers 
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