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1
Voor een goed inzicht in de onkruidgroei in op rijen gezaalde gewassen is

een afzonderlijke bemonstering van de onkruiden in en tussen de rijen noodza-

kelijk.
M.C. Klay, 1983. Analysis and evaluation of tillage on an
Alfisol in a semi-arid tropical region of India. Proefschrift,
Wageningen.
Dit proefschrift,
1 2
| Locale plaatsing van kunstmest kan de mate van onkruldgroei aanzienlijk
i verminderen.
Dit proefschrift.
3

In de tropen zal de onkruidkunde zich meer dan voorheen moeten richten op
de analyse van teelt en teeltsysteem om door azanpassing van de teeltwijze
de concurrentiepositie van het gewas ten opzichte van de onkruiden te verbe-

teren.

4
Wetenschappelijk onderzoek betreffende de tropische onkruidkunde dient,
behoudens misschien experimenten onder goed te controleren omstandigheden,

in de tropen te worden ultgevoerd.

5

De aard en de ultvoering van de Nederlandse ontwikkelingshulp aan Suriname

na 1975 waren niet in overeenstemming met de doelstellingen wvan deze hulp,

namelijk het vergroten van de economische zelfstandigheid van Suriname.
Bayah Mhango, 1984. Aid and dependence. The case of Suriname.

Foundation in the arts and sciences, Paramaribo.

6
Uit een oogpunt van zelfbescherming van ontwikkelingslanden is het gewenst
aan instellingen voor wetenschappelijk onderwijs in die landen een studie-

richting westerse politicologle en economie op te richten.



7

De algemene ambivalentie van de ontwikkelingssamenwerking komt ook op indivi-
dueel niveau tot uiting, Met name de op arbeidscontract uitgezonden ontwikke-
lingsdeskundige zal, bewust of onhewust, niet geneigd zijn 'zichzelf overbo-
dig te maken’.

8
De Nederlandse dierentuinen besteden in hun collectie te weinig aandacht
aan de inheemse fauna, vooral met het oog op natuurbeschermingseducatie in

eigen land.

9
Uitkap van hout en bosbouwkundige manipulaties ontwrichten een regenbos
zozeer, dat het zijn andere dan houtleverende functies verllest, dit in
tegenstelling tot wat de Graaf (1986) stelde, namelijk dat bij beperkte
manipulaties en zuiveringen tropisch regenbos in Suriname nog steeds tropisch
regenbos blijft.
Stelling 3 van N.R. de Graaf, 1986. A silvicultural system for
natural regeneration of tropical rain forest in Suriname.
Proefschrift, Wageningen.
M. Jaccobs, 1981. Het tropisch regenwoud. Een eerste kennisma-

king. Coutinho, Muiderberg.

10
Het huidige 'jaarrond’ aanbod van vroeger seizoensgebonden tuinbouwproducten

leidt tot vervaging van seizoenbesef bij de consument.

11

Onkruidkunde zonder kruid is onkunde.

Stellingen behorende bij het proefschrift van A.P. Everaarts,
‘Competition between crops and weeds in the Zanderif area of Suriname’,

Wageningen, 22 februari 1991,
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Abstract

Everaarts, A.P., 1991, Competition between crops and weeds in the Zanderi]
area of Suriname. Doctoral thesis, Agricultural University, Wageningen.

VII + 129 pp.

A weed flora rapidly built wp 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 contrel, significant yield losses occurred in ground-
nuts, sorghum and soybeans due to competition with weeds. Plant density of
the crops was not affected, but cempetition with weeds reduced ground-cover
and leaf area index. Competition affected growth rates, leading to lower
yields. The nature of the competitive effects 1ls 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 peried 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 perioed 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 aveid yileld 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 breoadcast fertilizers.

The investigation was carried out at the

Centre for Agricultural Research in Suriname {(CELO0S),

Anton de Kom University of Suriname,

Paramaribo, Suriname, and at the

Dept. Vegetation Sclience, Plant Ecology and Weed Science, and
Dept. Tropical Crops Science,

Agricultural University, Wageningen, The Netherlands
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Het in dit proefschrift beschreven onderzoek werd gedurende de jaren 1981
tot 1984 uitgevoerd op het Centrum voor Landbouwkundig Cnderzoek 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 wvan Surina-
me.

Velen ben ik erkentelijk voor hun bijdrage aan dit onderzoek. De cclle-
ga's en medewerkers op het CELOS voor de plezierige en leerzame samenwer-
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De medewerkers van de Stichting Proeftuinen in Suriname (STIPRIS} op
Coebitl waren behulpzaam bij het oogsten van de proeven beschreven in
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De discussies met en de steun van projectleider J.F. Wienk waren van
bijzonder belang. G. Liefstingh begeleidde wet veel aandacht het onderzoek
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Albert Remmelzwaal, Heidi Samson, Hilda de Vries, Jopie Duynhouwer,

Kees wvan den Burg, Robert Griffith, Suresh Kalpoe, 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 potentiéle 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 ceorrigeerde het engels.

De opmerkingen van O. Boxman, B.H. Janssen, H. wvan Keulen, G. Liefstingh
en J.F. Wienk bij een of meerdere hoofdstukken waren zeer waardevel. 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 financié&le steun.

Het Proefstation voor de Akkerbouw en de Groenteteelt in de Vollegrond,
met name P. Dekker en W, wvan den Berg, ben ik erkentelijk voor steun en
advies bij het afronden van dit proefschrift.

Mijn premotoren, 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

onmishbare rol vervulde.



Chapter 1

GENERAL INTRCDUCTION

Framework of the research

In 1977, a multidisciplinary research programme, aimed at investigating

the possibilities for a year-round cultivatien 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 198l1. 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 km?.
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 C00 km?. Its solls consist
4



mainly of heavy-textured wmarine clay deposits. The topography is almost

flat, wich the highest elevation about ten metres above sez level.
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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 % 000 km?. Its soils are derived from flu-
viatile Pliocene sediments and are predeminantly sandy. The topography 1s
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 reolling, 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 scils and high precipita-
tion limits the mechanization of dry-land crop cultivation. The low permea-
bility of the heavy seoils 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 solls of the Zanderij area chemically are less fertile, but they have
6



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 expleitation, agricultural interest in

the area developed {Krook and Mulders, 1971; wvan aAmson, 1975; Schroo, 1976).

The Zanderij area

General

The Zanderij area i1s largely uninhabited and is covered by natural vegeta-
tion. Agriecultural activities of the sparse population are limited to
shifting cultivation. In one location, however, pastures have been establish-
ed on 2 limited scale. Data on forestry and forestry research have been

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

Climare

According to Kgppen's classification, most of Suriname has a tropical rain
forest climate (Af) or a tropical momsoon 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 irregulariy.

Mean annual temperature is 27 °C.

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

western part has a tropical monscon 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 climstalogical station

located at Zanderij airport (Fig. 1)..




The average monthly maximum or minimum temperature does not fluctuate much
throughout the year. The highest temperatures are around October and the

lowest in January and February.

Table 1. cClimatclogical data Zanderij station, 1958 - 1982 (Goense, 1987).

Month J F M h M J J A S o N D

Maximum temperature, ®e 3.6 30.8 31.3 31.6 31.3 31.5 32.¢ 33.1 34.0 34.0 33.1 31.4

Minimum temperature, % 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 @uration, n l\l"1 0.49 0.51 (.48 0.48 0.46 0.51 0.63 0.73. . 0.77 0.76 0.68 0.53

Frecipitation, mm m-l 200 136 146 223 286 309 251 181 103 95 117 1a7

Evaporation+. m d_i 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 Octeber 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°1 in December to 5.6 mm d°! 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,
8



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 ¢ifficult 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 browmish 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 0-20 20-40 40-60
org. €, g kg ! 12 8 4
org., M, g kg 0.8 0.5 0.3
PH-KC1 3.7 3.9 4,1
pH-H,0 4.2 4.5 4.7
Exch. Ca, mmol(+) kg ' 1.5 0.5 0.3
Mg, mmeli+} kg ! 0.9 0.3 9.3
K , mmel(+) kg'1 0.4 0.3 0.1
Ma, mnol(+} kg'1 0.1 0.1 0.1
2l, mmol{+) kg'1 10.2 9.9 7.3
ECEC, mmol(+) kg'1 13.1 11.1 8.1
100 x exch. Al/ECEC 78 89 90
CEC, pH7, mmol(+) kg-1 34 24 18
P-Bray I, mg kg-l P 2 i 1
Parosity, volume fraction 0.50 0,46 0.46
Available moisture, wvolume fraction 0.11 0.10 0.09

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

Capacity).




Poels (1987) recently reviewed Zanderij soils and seil 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 respectiwvely.

Natural vegetation

Most of the Zanderij area is covered by evergreen seasomnal 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 Kabe

Coebiti and Kabo are isclated experimental farms surrounded by forest.
They are located in the Zanderij area in the district Saramacca.
Coebiti (5920’ 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 peremnial
crops and pastures. Initlially, unused areas were planted with tropical
kudzu (Pueraria phasecloides (Roxb.} Benth.). From 1972 onwards, research
on anmual 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°18' N, 55%°43' W) was established in
1978/79 within the plan of the joint research pregramme of the Uv5 and AUW,
to study the possibilities for year-round cultivation of rainfed anmual
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 KARO

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 contral in wetlénd 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 IL..) 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.), HMariscus ligularis Urb., Physalis angulata and Vernonia cinerea
(L.) Less.. Van Muijlwijk (1974c) mentioned as weeds at Coebiti, Alternan-
thera sessilis (L.} R.Br., Borreria latifeolia, Digitaria horizontalis, Lud-
wigia erecta (cited as Jussieua erecta), Mariscus ligularis, Physalis angula-
ta, Portulaca oleracea L., and Torulinium ferax Urb.. Digitarie horizontalis
and Portulaca oleracea were found as weeds in a 1974 cowpea variety trial
(van Muijlwijk, 19744d).

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., Eleugsine indica (L.) Gaertn., Emilia sonchifolia (L.} DC.,; Euphorbia
hirta L., E. hypericifolia L1 , Oldenlandia corymbosa L., and Paspalum
confjugatum 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

1Euphorbia hypericifoliaz was not found again at Coebiti, and this
record probably represents Euphorbia hyssopifolia L., a closely resembling
specles commonly found at Coebiti (Everaarts, unpublished data).
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with tropical kudzu (Pueraria phaseoloides (Roxb.) Benth.) afrer 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 specles 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 (wvan Grootwveld, 1979; Kloos, 1980; Segeren,

Sparnaay and Kastelein, 1984},

Kabeo, 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 feor 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 conclusiens
could be drawn (Anen., 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 horizontelis, Echinochloa colonum (L.) Link and Eleusine
indica, and the sedge Fimbristylis littoralis Gaud, (c¢ited 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., Isotcoma longi-
flora (L.) Presl (cited as Laurentia longiflora L.), Ludwigia erectz (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? . & few months after this
first observation, the situation had not changed much, except for an in-
creased number of sedge species, now alse including Cyperus rorundus L. (van
Grootveld, 1979). A quick establishment of weeds and herbacecus wasteland
plants appears to have taken place at Kabo, because in 1980, twc 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 isclated 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, de 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 Brokoponde
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.

20f 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.) Crong. 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, IQEBk_Dumas and Ausan, 1978a; Kloos, 1980; Everaarts, unpu-
blished data).

AMARANTHACEAE GRAMINEAE

Alternanthera sessilis (L.) R.Br. Cenchrus echinatus L.

Amaranthus dubius Mart. Cynodon dactylon (L.) Pers.

Digitaria horizonralis Willd.

COMPOSITAE Eleusine indica (L.) Gasertn,

Eciipra prostrata (L,) L. Echinochleoa colonum (L.) Link

(Eclipta alba (L.) Hassk.)
Emjilia sonchifolia (L.} DC. ONAGRACEAE
Vernenia cinerea (L.) Less. Ludwigia hyssopifoiia {G. Don) Exell

{(Jussieua linifelia Vahl)}
CYPERACEAE Ludwigia octovalvis {(Jacg.) Raven
Cyperus Juzulae Retz, (Jussieua suffrucicosa L.)
Cyperus rotundus L.
Mariscus ligularis Urb. PORTULACACEAE
{Cyperus ligularis L.) Portulaca oleracea L.

Torulinium ferax Urb.

{Cyperus ferax L.C. Rich.) RUBIACEAE
Borraria latifolia (Aubl.) Schum,
EUPHORBIAGEAE
Croton hirtus L'Hérit. SCROPHULARTACEAE
Croton trinitatis Millsp. Lindernia crustacea (L.) F.v.M.
(Croton miquelianus L.) Scoparia dulcis L.

Euphorbia heterophylia L.
Euphorbia hirta L. SOLANAGEAE
Phyllanthus amarus Schumach. et Thonn, Physalis angulara L.

Phyllanthus urinaria 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

caastal 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, fooctwear or clething.
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-
ribeo, 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 &s wind, birds or ‘travelling’ along
the roadsides have contributed much to the build up of the weed flora of
Coebiti and Kaba,

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
noxlous weed flora in newly-opened agricultural areas such as Coebiti and
Kabo., To prevent further spread, especially of weeds that are difficult to
contrel, 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 field; 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 cancpy. 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 crep in relation to competi-
tion with weeds.

In 1275, 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™l a.i.),
diphenamid (5.60 kg ha-1 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 twe 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 eof 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 CELDS, Paramaribo (see
Chapter I).

In a non-replicated study, atrazine at 2.8 kg ha 1l a.i. proved to be
safe to use in maize, whether applied four days before planting, with or
without soil incorperation, 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. Alachler 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-1 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. Ne
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 pepulation 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 atrazinme and paraquat, and of atra-
zine, alachlor and paraquat.

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

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'1 a.i.}, eyanazine + propachler
(1.5 + 4 kg ha !l a.i.) and terbutryne (2.4 kg ha'l 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 Cenchrus echinatus

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

All the above-mentioned observations were made at Coebiti. The data only
concern weed contrel 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 conditiens is still fragmentary. Competition between weeds and
crops, resulting in less of vield certainly occurs, however, and weed control

has proved to be essential.

Weed contrel 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 heoeing
and rotovating were also tried, as well as hilling in groundnut. When seil
conditions limited tillage, paraguat 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 ! 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-
chior was followed by an application of atrazine at 2.5 kg ha-l a.i., ten
to fourteen days after emergence, primarily to control volunteer groundnut.
Weeds in sorghum were controlled by applying atrazine at 2.5 kg ha'lai.,
ten to fourteen days after emergence. Paraquat as a pre-emergence applica-
tion, at 0.4 kg ha1 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 contrel in annual crops were not based entirely on locally
developed recommendations, and the same contrel 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 contrel 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, 1%74). 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. Soercdimedje (1982} discussed
pineapple experiments, but did not give data on weed control. Earlier it
had been mentiomed 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 {(Mansour and Spong,
1%85).

In a first observation in a grass/crop rotation study, Brachiaria sp.
demonstrated a longer regrowth period after a maize crop than Digitaria
swazilandensis Stent, which makes weed control necessary (Tjong A Hung,
19783 . 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.
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Chapter III1

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., 1%76; Drennan
and Jemnings, 1977; Krishnamurthy et al., 1981; Lagoke, Choudhary and Tanko,
1981; Raghvani, CGoyal 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 Degkeaw and Prasit Jina,
1976), cultivars (Brown, 1965), fertilizer application (Ashrif, 1967), sea-
son (Hamdoun, 1977) and type of weed flera (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 groundruts 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 periocd 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

.
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10 20 30 40 50 50 70 80 90 Days after planting
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Fig. 1. Daily rainfall, and rainfall and potential evapetranspiration per

ten days during the experiments,

To evaluate competition for water between crop and weeds, potential evape-

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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DAPl, 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 seil (Expt 2) and are acid and of low fertility. They are
ciassified as yellow kaolinitic Oxisols intergrading towards Ultiscls. 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_1 8.3 16.2

org. N, g kg'1 0.6 1.3

pH-KCL 4.5 " a.2

pH-H,0 - 5.3

Exch. Ca, mmol(+) kg @ 10.0 12.8

Mg, mmol(+) kg'1 0.4 4.9

K , mmol(+) kg @ 0.3 2.0

Na, mmel{+) kg @ 0.2 1.4

Al, mmol{+) kg ! 1.9 4.7

ECEC, mmoi(+] kg 12.7 25.9
100 x exch. Al/ECEC 15 i8

CEC, pH?, mmcl(+) kq_1 23.8 43,9

P-Bray I, mg kg_l P 30.7 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-1 Ca, Seeds were machine-planted in rows 0.5 m apart, at 0.105 m
in the row, immediately after disc-harrowing, pleughing 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-l. 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

1 DAP: Days After Planting
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rate of 29 kg ha-l Ca, was applied over the rows. The early maturing Spanish
type cultivar Matjan was used in both experiments. A fungicide for leafspot

and rust contrel 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 2Z) 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 develeop 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 7.5 m 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 madea:

- 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 concentratiens;

- Five other crop plants were used to detérmine 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 peried
or period without weed control, the pattern of growth and development of a
completely weed-free crop and of a crop without weed contrel 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 indice 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 molsture shortage (Fig. 1). When, at around $0 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, %o
100

Expt 1
804
604
40-
20 \‘-\
" / \“‘-A .
£ P ¥
1004 Expt 2 \o—0d0
80-
50- :\\' A
‘/’///’ \H\x‘><;
401
204 .
20

10 20 30 40 50 60 70 80 S0 100
Days after planting

Fig. 2. Ground-cover of the crop with (0) and without {(e) weed control and
of the weed vegetation (A). Following a one-sided t-test a signifi-
cant difference between treatments is indicated by ¥ {pg0.05) or ¥
(p<0.01).

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 Experimeut 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 LAT 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
% Expt 1

5 //\

o Expt 2

q\

) _
"10 20 30 40 50 6O 7O 80 90 100
Days after planting

Fig. 3. Leaf area index of the crop with (o) and without {(e) weed control.
Following a one-sided t test a significant difference between
treatments is indicated by ¥ {pg0.05) or ¥ (pg0.01).
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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 ?, the lower ground-cover and LAT 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
varisus 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.

-1 -1
Table 2, Average growth rates (kg ha = 4 ") of the crop (above-ground
parts and pods) and pods, with and without weed control.

Period, days after planting

Expt 1 17-31 31-53 53-66 66-80 80-95
Crop weed-free 56 171 152 -32 10
ne weed contrel 59 168 151 =79 17
Pods waed-free - -— 98 49 31
no weed control - -_— 95 26 34
Expt 2 13-27 27-49 49-69 €9-83 83-92
Crop weed-free . 40 144 107 82 49
no weed control 41 122 &1 66 . 91
Pods weed-free - -— oz 75 49
no weed control - - &6 60 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,
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Fig. 4. Dry weight (above-ground parts and pods) of the crop with (o) and
without (@) weed control and of the weed vegetation (&, above-ground
parts). Following a one-sided t test a slgnificant difference hetween
treatments is indicated by * (p<0.05) or ¥ (pg0.01).
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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.

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

Days after planting

Expt 1 17 31 53 66 80 95
Number of plants wead-free 48 50 48 49 44 48
per 3 mz no weed control 49 16" 43 47 46 48
Length of main weed-free 6.8 18.1 47.9 56.0 54.4 55.3
stem, om no weed control 5.6 18,4 50.6"™ 59,1 55,8 54,0
Number of nodes weed-free 5 11 17 19 187 19
on main stem no weed control 7 11 17 20 ie 18
Length of weed-free 1.3 1. 3.0 3.2 at 3.1
interncdes on no weed control 1. 1. 3.2 3.1 3,7 3.2
main stem, cm

Expt 2 13 27 49 &9 83 92
Number of plants weed-free 51 52 52 53 51 51
per 3 m2 no weed control 52 88 51 53 53 52
Length of main weed-free 15,6 37.7 41,8 48.4 49,2
stem, cm no weed contreol . 15,7 3%.0 45.6” 49,1 53.4
Number of nodes weed-free =1 9 12 13 16 17
on main stem no weed contrcl 6 10 12 13 15* 16
Length of weed-free 1.1 2,0 3.4 3.4 3.2 3.1
internodes on no weed control 1,1 1. 3.7. 3.9* 3.6** 3.6“

main stem, cm

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

indicated by * (p € 0.05) or #¥ (p £ 0,01}, (+ based on two replicates).

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

Days after planting

Expt 1 ' 17 3 53 66 80 95
Number of branches weed-free 3 5 5 5 5 5
per plant no weed contrel 4 5 5 . 5 5 5
Number of leaves weed—-free 11 37 67 66 30 29
per plant no weed control 12 36 66 70 12%% 95
Number of pods weed-free - - 29 31 30 3
per plant no weed control - - 31 32 25 31
Dry weilght per weed-free - - 0.20 0.44 0.68 0.67
pod, g no weed control - - 0,21 0.48 D.68 0.66
Expt 2 13 27 49 69 83 92
Number of branches weed-free 2 4 7 7 8

per plant no weed control 2 4 7 7 7

Number of leaves weed-free ] 25 56 57 68 66
per plant no weed control 5 26 gt a1* sg** s
Number of pods weed-free - - 28 31 36 33
per plant no weed control - - 2 26 2d* 27
Dry weight per weed-free - - 0.18 0.48 0.67 0.76
pod, g no weed control - - 0.15 0.4™ o.5¢* o.71

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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