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STELLINGEN 

I 
Rohde (1965) en Wallace (1963) concluderen ten onrechte uit het onderzoek 

van Oostenbrink et al (1957) en Uhlenbroek & Bijloo (1958, 1959) dat door 
Tagetes soorten specifieke nematicide stoffen in de grond worden afgescheiden. 

ROHDE, R. A., 1965, Phytopathology 55, 1159-1167 
WALLACE, H. R., 1963, The biology of plant parasitic nematodes, 
Arnold, London, p. 193 
OOSTENBRINK M,. et al, 1957, Nematologica Suppl. 2, 424-433 
UHLENBROEK, J. H. & BIJLOO, J. D., 1958, Rec. Trav. China. 
Pays-Bas Belg. 77,1004-1009 
- & - , 1959, Rec. Trav. Chim. Pays-Bas Belg. 78, 382-390 

II 
De opzet van de proeven van Koen (1966) en Daulton & Curtis (1963) over 

penetratie van Tagetes wortels door nematoden is onjuist; het resultaat wordt 
door andere processen vertroebeld. 

KOEN, H., 1966, S. Afr. J. agric. Sci. 9, 981-992 
DAULTON, R. A. C. & CURTIS, R. F., 1963, Nematologica 9, 357-
362 

III 
Groeiende planten hebben in het algemeen rondom nun wortels een dodend 

effect op parasitaire nematoden, dat van grote invloed kan zijn op de populatie-
dichtheid van deze laatsten. 

IV 
De wilde flora biedt nog goede mogelijkheden voor het bestrijden van parasi­

taire nematoden, door middel van wisselbouw of tussenteelt. 

In de discussies over het ontstaan van plant-insect relaties wordt oecologische 
specialisatie dikwijls te weinig in de beschouwing betrokken. 

KENNEDY, J. S., 1965, Ann. appl. Biol. 56,317-322 
THORSTEINSON, A. J., 1960, A. Rev. Ent. 5,193-218. 
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VI 

Bij de toenemende handel in en gebruik van bestrijdingsmiddelen in Indonesia 
dient de instelling en de uitvoering van een 'bestrijdingsmiddelenwet' sterk te 
worden bespoedigd. 

VII 
In ontwikkelingslanden verdient verhoging van de produktie van conventio-

nele consumptie-eiwitten de voorkeur boven introductie van onconventionele 
industriele eiwitten. 

VIII 
Een traditioneel ingestelde opvoedingsstijl in gezins- en gemeenschapsver-

band kan een der belangrijkste remmende factoren zijn voor de ontwikkeling in 
de tropen. 

IX 
In ontwikkelingslanden is veredeling om sociaal psychologische redenen een 

bij uitstek geschikt middel ter verhoging van de produktie in de landbouw. Ge-
zien het grote belang van het kwekerswerk in deze landen dienen maatregelen ter 
erkenning, beloning en bescherming van deze arbeid te worden geentameerd of 
gestimuleerd. 

R. WlNOTO SUATMADJI 
Wageningen, 28 maart 1969 
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CHAPTER 1 

GENERAL 

1.1. LITERATURE SURVEY 

Several plant parasitic nematodes combine endoparasitic mode of life with 
pronounced polyphagy. The best known genera are Pratylenchus Filipjev with 
29 described species up to 1968 and Meloidogyne Goeldi with 23; several species 
are widely distributed and some of them are extremely noxious for valuable 
crops. 

The finding of a non-host, especially when it is a trap crop or enemy plant of 
these nematodes, is intriguing for the study of host-parasite relationships and 
for its possible application to control damage by these nematodes. Marigolds, 
Tagetes species, are recorded as exceptional plants which demonstrate strong 
nematicidal effects or extreme resistance. 

The earliest reports on the resistance of Tagetes to nematode infestation, by 
Tyler (1938) and Steiner (1941), pertain to rootknot nematodes, Meloidogyne 
species. The latter reported that larvae of Meloidogyne entered roots of Tagetes 
in large numbers, but generally failed to develop and to reach sexual maturity. 
It was not until about 15 years later that Tagetes reappeared in nematological 
literature, then for its suppressive effect on populations of free-living root para­
sites of the genus Pratylenchus. Van den Berg-Smit (1953), a Dutch commercial 
grower, reported favourable results when Tagetes preceded Narcissus in root-
rot-infested soils. Slootweg (1956) confirmed this observation and suggested a 
relation to numbers of Pratylenchus penetrans (Cobb) Filipjev & Schuurman 
Stekhoven in these soils since this nematode was the primary cause of rootrot in 
Narcissus. Oostenbrink & Slootweg (in Slootweg, 1956) stated that Tagetes 
reduced Pratylenchus populations to about a tenth of the level with other crops. • 

Extensive experimental evidence of marked suppression of Pratylenchus popu­
lations in the soil by Tagetes was given by Oostenbrink, Kuiper & s'Jacob (1957) 
The experiments were mainly on P. penetrans and P. crenatus Loof, syn. P. pra-
tensis Thorne nee (De Man). These nematodes were suppressed more than by 
fallow. Tagetes roots were not damaged and very few nematodes were found 
among the roots of full-grown plants. Subsequently, other Pratylenchus species 
were reported to be killed by growing Tagetes: P. convallariae Seinhorst (Cayrol 
& Ritter, 1962) and P. loosi Loof (Visser & Vythilingam, 1959; Hutchinson, 
1962). However, in population dynamical studies Seinhorst (1966; 1967) found 
some multiplication of P. penetrans and P. crenatus on T. erecta. Tarjan (1960) 
found some effect of T. erecta L. on the endoparasitic Radopholus similis in 
greenhouse tests, but no significant reduction in the nematode density of infested 
field plots, if Citrus, a good host plant, was present. Different species of Meloido­
gyne (considered one species until classified by Chitwood in 1949) were also 
reported not to breed on Tagetes. These were M. hapla Chitwood (Oostenbrink, 
1960), M.javanica (Treub) Chitwood (Visser & Vythilingam, 1959; Daulton & 
Curtis, 1963) and M. incognita (Nirula & Bassi, 1965). 
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Most of the studies were with Tagetes patula L., T. erecta or T. minuta L. In 
Rhodesia Martin (1958) noticed no or few swellings and no egg masses on roots 
of T. patula in soils infested by M. hapla and M. arenaria (Neal) Chitwood, but 
on T. minuta egg masses of both Meloidogyne spp. could easily be found. Later, 
in the United States, Good et al. (1965) found T. minuta susceptible also for 
M. hapla and M. arenaria but resistant to M. incognita. Differences in perfor­
mance of the same species of Tagetes with different Meloidogyne species may 
evidently occur. In comparing results obtained by different workers, intraspecific 
differences in the plants as well as in the nematodes may be determinant. 

So far the effect of Tagetes on polyphagous endoparasitic root nematodes has 
been mentioned. Most data point to suppression of populations of these nema­
todes by Tagetes species. The more host-specific Heterodera species, at any rate 
larvae of H. rostochiensis Wollenweber occurring in cysts in the soil, are not 
found to be affected by Tagetes (Kuiper &Paetzold in Oostenbrink, 1960b; 
Omidvar, 1962). Ectoparasitic root nematodes varied in their reaction to the 
presence of Tagetes species. Prolific breeding on these plants was reported for 
Criconemoides mutabile Taylor (Steiner 1941), Trichodorus teres Hooper 
(Kuiper, 1963) and Hemicycliophora similis Thorne (Seinhorst & Klinkenberg, 
1963). Tagetes is also a good host of Longidorus maximus (Butschli) Thorne & 
Swanger and attack by these nematodes causes damage to the plant (Sturhan, 
1963). According to Oostenbrink (1960b), Rotylenchus robustus (de Man) Filip-
jev and a Paratylenchus species maintained moderate populations, whereas 
Tylenchorhynchus dubius (Butschli) Filipjev was suppressed to low levels. 
Seinhorst (1966, 1967b), however, showed that multiplication of Tyl. dubius on 
T. erecta is possible. 

The Tagetes effect therefore varies, perhaps between Tagetes species and varie­
ties, but certainly between nematode genera and perhaps species and strains. 
Literature records are available on the influence of Tagetes species on 14 genera 
of plant nematodes listed below. 
Pratylenchus Filipjev: Oostenbrink, s'Jacob & Kuiper, 1957; Oostenbrink 

Kuiper & s'Jacob, 1957; 1960; Visser & Vythilingam, 1959; Hutchinson 
1962; Cayrol & Ritter, 1962; Decker, 1963; Seinhorst, 1966; 1967; 

Meloidogyne Goeldi: Tyler, 1938; Steiner, 1941; Gaskin & Crittenden, 1956 
Martin, 1958; Visser & Vythilingam, 1959; Oostenbrink, 1960b; Daulton & 
Curtiss, 1963; Good, Minton & Jaworski, 1965; Nirula & Bassi, 1965 
Koen, 1966; 

Rotylenchulus Linford & Oliveira: Linford & Yap, 1940; 
Radopholus Thorne: Tarjan, 1960; 
Heterodera A. Schmidt: Oostenbrink, 1960b; Omidvar, 1962; 
Tylenchorhynchus Cobb: Oostenbrink, Kuiper & s'Jacob, 1957; Oostenbrink, 

1960b; Seinhorst, 1966,1967; 
Rotylenchus Filipjev: Oostenbrink, Kuiper & s'Jacob, 1957; Meyneke & 

Oostenbrink, 1958; Oostenbrink, 1960b; 
Paratylenchus Micoletzky: Oostenbrink, 1960b; 
Criconemoides Taylor: Steiner, 1941; 
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Hemicycliophora de Man: Seinhorst & Klinkenberg, 1963; Kuiper & Oosten-
brink, 1962; 

Trichodorus Cobb: Kuiper, 1963; 
Longidorus (Micoletzky) Filipjev: Sturhan, 1963; 
Ditylenchus Filipjev (Emend. Thorne): Oostenbrink, 1961; 
Aphelenchoides Fischer: Steiner, 1941. 

Despite the hitherto incomplete and complex picture, the Tagetes effects on 
Pratylenchus and Meloidogyne spp. were striking enough to evoke interest in the 
causal mechanism and in its practical application. 

A possible explanation of the effect was given by Uhlenbroek & Bijloo (1958, 
1959) who found that roots of T. erecta were exceptional because they contained 
highly nematicidal compounds: a-terthienyl and a certain bithienyl compound. 
The former chemical had earlier been shown to occur in aerial parts of Tagetes 
(Zechmeister & Sease, 1947), and was recorded as a rare chemical in nature, 
having no antibiotic action against bacteria. Christie (1960) suggested that Tage­
tes roots produce diffusates which mask or neutralize the stimulating effect of 
other root diffusates on nematodes. He further suggested that Tagetes acts as a 
"nematistat" rather than as a nematicide and that nematodes which come inci­
dentally into contact with roots are able to enter and develop, whereas others 
fail to reach the roots because they are not stimulated to move either in any 
direction or in the direction of the roots. Seinhorst & Klinkenberg (1963) decry 
the importance of polythienyl action on the nematodes and explain it by low 
survival of P. penetrans because of the tough necrosis it causes over Tagetes roots 
Nematodes which penetrate do feed and deposit eggs, but movement of young 
larvae may be severely hampered by the necroses. Wallace (1963) referring to the 
findings of Oostenbrink et al. (1957) and Uhlenbroek & Bijloo (1958, 1959) 
stated that there is evidence that Tagetes inhibits nematode activity by the secre­
tion of toxic substances into the soil, though the authors he refers to refrained 
from accepting this mechanism. Interesting as the views on possible killing effect 
of Tagetes outside the roots may be, support by experimental evidence was not 
given. Two mechanisms of resistance of Tagetes which are seated in the host 
tissue, the presence of nematicidal substances and necrosis of plant tissue pene­
trated by P. penetrans, seem to be well established. 

Koen (1966) in a study of the reaction of M. javanica in the rhizosphere and 
roots of susceptible and resistant plants, including T. patula, T. erecta and T. mi-
nuta, found that roots of Tagetes spp. attracted larvae and although fewer pene­
trated resistant than susceptible plant species, this was still fairly high with 
Tagetes spp. He further stated that root exudates of Tagetes spp. neither inhibi­
ted hatching nor masked the attractive effect of root exudates of susceptible 
plants; root extracts of T. minuta had a nematostatic effect on M. javanica larvae. 
He suggested that control of root-knot nematodes is to be attributed to Tagetes 
acting as a trap crop. 

Whatever mechanism may be responsible for the marked reduction of nema­
tode numbers by Tagetes, its value for nematode control is evident. Practical 
results were reported by Oostenbrink, Kuiper &s'Jacob (1957), Visser & 
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Vythilingam (1959), Oostenbrink (1960), Daulton & Curtiss (1963) and Nirula 
& Bassi (1965). Several questions needing to be answered before Tagetes could 
be used for soil sanitation were reviewed by Meijneke & Oostenbrink (1958). 
Oostenbrink (1959a) considered Tagetes a good crop to precede crops suscep­
tible to P. penetrans and found it also a good green manure. In a later publica­
tion (1960b) he suggested that Tagetes increased yield of most crops on sandy 
and peaty soils usually by 10-40 %. He concluded that this was probably caused 
by a direct suppression of root-infesting nematodes, rather than by green manu­
re or nitrogen effects of the crop. Wallace (1963) stated that little was known 
about the relationship between Tagetes, nematodes and growth of the main 
crop, and that it was not clear how much of the increased yield after Tagetes 
must be attributed to kill of nematodes. The fact that Tagetes reduced the num­
ber of certain plant nematodes did not necessarily mean that plants yielded more. 
It was first necessary to know whether the nematodes present were causing 
damage or whether they were among those having no deleterious effect on the 
crop. Seinhorst & Klinkenberg (1963) illustrated effects of Tagetes apart from 
nematode suppression by field and pot trials. In a field trial onion yields after 
Tagetes were 1.4 times as much as after other crops, without nematode injury 
being considered to be the cause of this difference. In a pot trial rye yields were 
1.2 times as much after Tagetes as after beets. Nematicidal and non-nematicidal 
effects may occur together at the same time; both have to be evaluated for their 
practical significance. 

1.2 SCOPE OF THE INVESTIGATIONS 

The purpose of this study was: 
1. To determine the occurrence and significance of Tagetes effects on plant 

nematodes, especially Pratylenchus and Meloidogyne species 
2. To elucidate the causal mechanism or mechanisms of the effects 
3. To obtain data which may contribute to the application of Tagetes in practical 

cropping systems. 



CHAPTER 2 

MATERIALS AND METHODS 
Regularly employed materials and methods are mentioned in this chapter. 

Techniques used occasionally are indicated elsewhere. 

2.1 PLANT MATERIAL AND ITS CULTURE 

Three Tagetes spp. were frequently used in experiments. These were T. patula 
Golden Harmony, T. erecta Aurantiaca and T. minuta (syn. T. glandulifera 
Schrank). Incidentally T. signata Bartl. (syn. T. tenuifolia Cav.) cv. Golden Gem 
and T. lucida Cav. were used. Seed of T. minuta and T. lucida was supplied by 
the Botany Department of the University of Nijmegen and those of the other 
species by the firm of Tubergen in Haarlem, the Netherlands. 

Seed from one single batch was used in all experiments. Unless mentioned 
otherwise, the Tagetes spp. in this text pertains to the cultivars indicated above. 

In field trials 3-5 seeds were sown per plant site at a depth of about 1 cm or 
about 5 kg seed per ha was sown in rows about 25 cm apart. The number of 
seedlings per plant site was generally reduced to one when they were sufficiently 
established about 10 days after germination. Plants were normally grown in a 
square pattern 25 cm apart. 

For greenhouse trials seeds were germinated on a glass-covered bench in 
steam-sterilized standard potting soil. Germination took 3-4 days for T. patula, 
T. erecta and T. signata and about 7 days for T. minuta. Seedlings were then 
transplanted into wooden boxes with the same soil in the greenhouse and used 
for trials about one week later. For comparisons good hosts of the nematode 
species used were also included in the trials: usually tomato (Lycopersicon 
esculentum L.) Moneymaker, red clover (Trifolium pratense L.) Inlands, and 
apple (Malus pumila L.) Bittenfelder. They were raised from seed in a similar 
way to Tagetes, except for apple, whose seeds were subjected to 4°C temperature 
for at least 40 days and then mixed with moist sand before germination. 

The temperature was maintained at 22 °-25°C. From the beginning of October 
until the beginning of May the next year extra light was supplied with 80 W 
(4300K) daylightincandescentlampsso that plants receivedatotal of 16hourslight. 

Greenhouse trials with plants grown in soil heavily infested with plant nema­
todes usually lasted up to 3 or 4 months. Plants were usually grown in cylindrical 
glass tubes 2.5 cm wide and 16.5 cm high, filled with about 80 ml of soil, or in 
glass tubes 3.5 cm wide and 20 cm high with about 160 ml of soil. The column 
of soil in the tubes was always placed on top of 2 cm of porous gravel. A plastic 
straw connected the layer of porous gravel with the free air above the tube, thus 
allowing aeration of the tube. Adequate amounts of water were added to the top 
of the tube or through the plastic straw to the bottom part of the tube by a 
laboratory water bottle; fertilizers were not added unless stated otherwise. 
Such tubes appeared to have advantages over clay pots 12 cm or more in dia-
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meter with larger amounts of soil. The soil in the tubes was rooted more uni­
formly and contact of nematodes with roots of test plants was secured better in 
tube cultures than in pot cultures. Also less inoculum was needed for the experi­
ments, and populations could be more easily assessed for the entire system. 

For inoculation of plants a suspension of 2-4 ml with known number of nema­
todes was carefully applied drop by drop with a pipette into holes of different 
depths made in the soil around the plant. 

2.2 NEMATODES AND SOILS FOR EXPERIMENTS 

For greenhouse and laboratory experiments stock soils with monospecific 
cultures of Pratylenchuspenetrans, Meloidogyne incognita, M. hapla, M. arenaria 
and M. javanica were prepared and maintained in a separate greenhouse. For 
this purpose soil suitable for the nematode species was partially sterilized by 
heating at 60°C for 3 hours and subsequently exposed to the free air in the green­
house for at least a month to regain physical, chemical and biological stability. 
Pots filled with this soil were planted with good hosts and inoculated with well 
identified nematodes. 

P. penetrans was cultured on Zea mais L., red clover or apple seedling in a 
peaty sand soil from Nieuwe Pekela, which originally harboured a dense popu­
lation of this nematode and was therefore a suitable biotope. Stocks of severely 
infested plants and soils were easily maintained in this way. When Tagetes had 
to be compared with one of the good hosts, e.g. red clover, soil and nematode 
material was used which was prepared by the cultivation of maize or apple. 

The Meloidogyne species were reared from single masses of eggs on tomato in 
a steam-sterilized mixture of peat, sand, clay and leaf mould 75:10:3:12 by 
volume. Cultures of Meloidogyne spp. had to be renewed now and then so that 
severely infested tomato plants and soils were available whenever needed. 

In most trials with other nematode species and in some trials with Pratylen­
chus and Meloidogyne spp., selected field populations and soils in which they 
occur in high densities were used. They are mentioned elsewhere in the text. 

For trials with P. penetrans, soils with well established stock cultures were 
usually used. A month before the experiment began, entire host plants were 
removed from the pots. Any severed roots were removed from the soil as much 
as possible by sieving. At the start of the trial remaining bits of roots were 
decayed to a large extent. Most nematodes were then free in the soil as in a 
plantless habitat. Especially in work with P. penetrans this method was superior 
to the one in which nematodes were directly inoculated into partially sterilized 
soil. High population densities are maintained in the first technique, whereas 
direct inoculation often kills most of the nematodes. 

Sometimes Pratylenchus or Meloidogyne species had to be directly inoculated 
into soils or other media. The nematodes were then obtained from host roots 
of the stock cultures. P. penetrans, for example, was extracted by a standard 
procedure (Section 2.4), after which the suspension liquid was repeatedly repla­
ced by clean water so that the final suspension was practically free from dissolved 
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plant cell saps For this purpose the original suspension was shaken in a beaker 
and kept at 4°C for several hours to allow the nematodes to settle The super­
natant was then carefully removed as far as possible by siphoning or by suction 
applied by hand pipette. The beaker was then refilled with tap water and the 
process repeated at least thrice. The final suspension consisted of nematodes in 
clear water practically free from plant juices, at all stages of development. In 
some trials the P. penetrans inoculum consisted of undifferentiated larvae only. 
The preparation of such inocula is described later. In preparing inocula of 
Meloidogyne larvae the same procedure was followed except that Meloidogyne 
spp. other than M. hapla were allowed to settle at normal room temperature 
and that the supernatant liquid of the original suspension was replaced by fresh 
water only once. Meloidogyne larvae must be inoculated as soon as they emerge 
from the macerated tomato roots. 

2.3 ESTIMATION OF NEMATODE DENSITIES IN SOIL 

In field trials soil samples were often taken from plots of about 3 m2 or 7.5 m2 

within the area bordered by the outermost row of plants. From each plot 30-50 
cores were taken with an auger of one cm width to a depth of 30 cm. Soil 
samples were deposited in bags of waxed paper or polythene and stored in a 
cold room at 4°C until extraction. 

After discarding large debris and other material by sieving, the samples were 
thoroughly mixed and subsamples of 100 ml were taken. Active nematodes 
were extracted with Oostenbrink elutriators and the resulting nematode 
suspension was analysed as by Oostenbrink's (1960d) method. 

In greenhouse trials with tube cultures, the contents of tubes were processed 
as a whole at the end. Soil and roots were usually found tightly fitted to the tube 
wall. To free them, water was forced through the aeration straw into the bottom 
of the tube to lift the column of soil with roots which is loosened by the water. 
The entire root system with the soil can then normally be taken from the tube 
for further processing. The roots are separated from the soil by rinsing them 
several times in a pan with water; adhering debris were removed with forceps. 
Pieces of roots remaining in the soil were collected with forceps or with sieves 
and added to the root system. After drying between filter papers, roots were 
weighed and processed for nematode extraction or for direct counting (Section 
2.4). All water used in this procedure was collected in the pan with soil. Nema­
todes in the soaked soil were extracted as indicated before. 

2.4 ESTIMATION OF NEMATODE DENSITIES IN PLANT TISSUES 

Active nematodes were normally extracted by rapidly macerating the roots 
and filtering through cotton wool as described by Stemerding (1960). 

In greenhouse trials with plants grown in infested soils, Pratylenchus species 
were used at high initial population densities. Measurable numbers of them 
can be found in roots of Tagetes at the end. In laboratory trials employing smal-
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ler numbers of nematodes and younger plants, whole counts of nematodes in 
entire rootsystems were made under the dissecting microscope after roots have 
been fixed in formaline-acetic-alcohol (FAA) mixture of a composition suited 
for fixing plant material and after differential staining of the eelworms in the 
fixed roots by the cottonblue-lactophenol method (Goodey, 1963). 

Meloidogyne species were similarly counted in whole root systems because 
few of these nematodes were usually found within or attached to Tagetes roots 
and because developing stages were immobile. Meloidogyne specimens were then 
classified according to developmental stage and to sex; since under the binocular 
microscope the various larval stages could not be differentiated only three 
categories were classified: slender and motile second stage larvae of morpholo­
gically undetermined sex, juvenile swollen individuals of different shapes, and 
mature females usually bearing egg masses. Juvenile specimens within the 
larval skin could often be clearly determined as males; they were recorded sepa­
rately within the category of obese juveniles. 

2.5 EVALUATION OF PLANT GROWTH 

Plant growth sometimes had to be evaluated. This was by the common tech­
niques of measuring, weighing and counting. The quantities used for the evalua­
tion of plant growth in relation to nematode attack were usually units of root 
weight, plant length or increase of shoot length, or for some crops yield. We did 
not usually evaluate differences in quality of the crop. 

2.6 STATISTICAL TREATMENT OF DATA 

The significance of differences between nematode densities or between yields 
were usually calculated from original or logarithmically transformed figures by 
analysis of variance, covariance, or by Student's t test. Logarithmic transforma­
tions were of original figures or of these figures plus one. In several cases numeri­
cal data were expressed in percentages and subjected to arcsine transformation 
for further analysis. Least significant differences (L.S.D.) were calculated for 
significant comparisons. Comparisons were made at the 0.05 and 0.01 level of 
probability (p = 0.05 and p = 0.01). Cf. Snedecor, 1962; Cochran & Cox, 1964. 
The trials and type of the data sometimes required other statistical tests. 



CHAPTER 3 

O C C U R R E N C E A N D S I G N I F I C A N C E OF TAGETES 
E F F E C T S ON P L A N T N E M A T O D E P O P U L A T I O N S 

3.1 INTRODUCTION 

The effect of Tagetes spp. on nematode populations concerns a special plant-
nematode relationship, in which the suppressive effect, or resistance, of the 
plants is extreme. It is probable from the literature survey that effectiveness of 
Tagetes spp. as well as susceptibility of nematode species to effects of Tagetes 
differ, and that these differences must be determined in more detail than as yet. 
Each plant-nematode relationship is in fact a relation between a certain plant 
variety and a certain nematode strain or trophotype. In denned conditions it 
can be illustrated by the reproduction curve, which indicates the different rates 
of nematode reproduction at different initial densities within a certain time. The 
corresponding mathematical formulae (Oostenbrink, 1966; Seinhorst, 1966) are 
derived from the logistic equation for population increase. In these equations a 
certain constant describes the plant's properties for population increase, there­
fore its effect on the population. The Tagetes effect could thus be expressed in 
each experiment where Tagetes is grown on soil with several different densities 
of a nematode. This theoretically exact approach was not followed in our trials 
for two reasons. Firstly, experiments with several nematode densities are time-
consuming. Secondly, the effect of Tagetes is so outstanding that it suppresses 
susceptible nematode populations often to practically zero, whatever the initial 
population density. Under these circumstances comparisons between Tagetes, a 
suitable host plant and fallow ( = no plant) on soil with a known heavy nema­
tode infestation were considered practical and efficient ways of acquiring infor­
mation. 

Experiments were with a wide range of nematodes: species of Pratylenchus, 
Meloidogyne, Tylenchorhynchus, Rotylenchus and Helicotylenchus Steiner 
(emend Golden), other ectoparasitic root nematodes, Ditylenchus and Aphelen-
choides. They are described in Sections 3.2 to 3.8. 

3.2 PRATYLENCHUS SPP. 

The effect of Tagetes spp. on Pratylenchus populations was studied in tube 
cultures (Section 3.2.1) and in field trials (Section 3.2.2), in comparison with one 
or more suitable host plants and with fallow. 

There were five tube-culture trials: one lasting four months with P. penetrans 
inoculated directly onto five species of Tagetes in comparison to red clover and 
fallow, and a series of four comparable tests with established populations of P. 
penetrans, P. crenatus, P. neglectus (Rensch) Schuurmans Stekhoven, P. thornei 
Sher & Allen in their original soils. In each of these four tests the same three 
Tagetes spp. were compared with wheat (Triticum aestivum L.) and fallow; they 
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were started at weekly intervals but were otherwise similar in set-up, treatment 
and evaluation, and all lasted nine weeks. 

The field trials comprised an introductory trial for one season with different 
Tagetes spp. and cultivars and 12 long-term rotation trials on different soils with 
different Pratylenchus spp. with T. patula cv. Harmony grown continuously or in 
two-year rotations with other crops. The rotation trials were all cross trials, 
according to a scheme described by Oostenbrink (1959b), in which a fixed series 
of crop strips was grown in one direction every other year and perpendicular to 
this direction in the years between, so that monoculture of each crop and all 
possible two-year rotations occurred. Some field trials were expressly designed 
for this study and others were made available to the author to study the Tagetes 
effects; all these field trials were supervised by field stations of the Plant Protec­
tion Service except one by the Agricultural University. 

3.2.1. Tube cultures 
a.. P. penetrans inoculated directly onto plants in potting soil 

Seventy tubes were filled with the same weight of partially sterilized standard 
potting soil equivalent to about 80 ml. Seedlings of T. patula, T. erecta, T. minuta, 
T. lucida, T. signata and red clover were planted in 6 series of 10 tubes respective­
ly on 10 July 1964, and one series was left unplanted as control. A week after 
planting, 1500 P. penetrans of different developmental stages from a monospeci­
fic culture on maize were inoculated as a suspension in water into each of the 
tubes including controls. All inoculated plants thrived under the experimental 
conditions chosen, except T. lucida and T. signata which remained rather small 
and rooted only poorly. 

Four months after inoculation the fresh weight of the root systems were deter­
mined and the nematodes in roots and soil were extracted, and counted for all 
tubes separately. The results are summarized in Table 1. The average numbers 
of nematodes of all replicates are given and also the averages of the logarithms 
of these numbers. 

Less than 10% of the inoculum survived in the control. Such a high mortality 
is not uncommon in inoculation experiments with this nematode. It is neverthe­
less a drawback for the interpretation of the results obtained in this experiment. 

In judging the effect of the Tagetes spp. on nematode density two criteria may 
be used. One is the number of nematodes in the soil (Col. 3 in Table 1), for 
nematodes found in the roots may not relate with the final infestation in the soil. 
This is unlikely for nematodes in roots of a good host as red clover, but it is 
possible for Tagetes which eliminate penetrated nematodes. According to this 
criterion, all Tagetes spp., except T. signata, show a distinct suppressive effect in 
this test. 

Another criterion is the total number of nematodes in roots and soil (Col. 5), 
accepting that the nematodes penetrating the roots will survive and contribute 
to the final population. P. penetrans may even be able to multiply as much or 
more in the roots when plants continue to grow after the four months' period of 
the experiment. The values in Column 5 show that populations of P. penetrans 
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TABLE 1. Effect of five Tagetes species and red clover on P. penetrans in a tube culture. Planting 
date: 10-7-1964. Inoculated density 1500 P. penetrans per tube with 80 ml of soil. 
Final densities and root weights determined 4 months after inoculation; average 
figures of 10 replicates; between brackets averages of logarithmically transformed 
figures and least significant differences (= L.S.D.) at 5 % and at 1 % levels. 

1 

Plant 

T. patula 
T. erecta 
T. tninuta 
T. lucida 
T. signata 
Red clover 
No plant 

L.S.D. 5% 
1% 

2 
Fresh 
weight 

of roots, 
in mg 

830 
2130 
1790 
415 
319 
770 

-

3 

In soil 

0.3 (0.08) 
7 

12 
19 

498 
4757 
114 

(0.78) 
(0.90) 
(1.06) 
(2.49) 
(3.44) 
(2.01) 

(0.395) 
(0.526) 

4 5 
Final number of P. penetrans 

In roots 

0.3 (0.08) 
95 (1.61) 
99 (1.73) 
9 (0.68) 

206 (2.13) 
8741 (3.62) 

-

(0.522) 
(0.698) 

Total 
3 + 4 

0.6(0.14) 
102 
111 
28 

703 
13497 

114 

(1.66) 
(1.78) 
(1.20) 
(2.70) 
(3.93) 
(2.01) 

(0.352) 
(0.469) 

6 

Per 10 g 
of roots 

6.0(0.28) 
397 (2.26) 
573 (2.47) 
160 (1.72) 

7845 (3.66) 
99361 (4.78) 

-

(0.658) 
(0.879) 

are much more suppressed by T. patula, and by T. lucida, than by fallow in the 
control tubes. Populations under T. erecta and T. tninuta were slightly lower than 
in the control tubes, populations under T. signata were significantly denser. 

Differences in effect of the Tagetes spp. can also be judged from the number 
of nematodes per 10 g of roots (Col. 6). T. patula harboured the fewest of 
P. penetrans followed by T. lucida. T. erecta and T. minuta were also unsuitable 
hosts, but it is doubtful whether they suppressed the nematode population more 
than fallow. 

The figure for T. signata, more than 7800 nematodes per 10 g of roots, does 
not suggest a suppressive effect at all under these circumstances. The high nema­
tode density in the red clover roots gives an impression of the development of 
P. penetrans populations in a good host. The nematode-suppressing effect of the 
different species of Tagetes (Col. 3 or 5) seems to be inversely proportional to 
the number of nematodes present in the roots of the four-months-old plants 
(Col. 4 or 6), as would perhaps be expected. 

b. P. penetrans as established culture in peaty sand 
Thirty tubes were filled with well mixed sandy peat soil harbouring an 

established monospecific population of P. penetrans bred on maize and prepared 
as described in Section 2.2. Each tube comprised the same weight of soil equiva­
lent to about 180 ml. The P. penetrans density, counted as an average of five 
samples of 180 ml, was found to be 3096. Four series of six tubes were planted 
on 20 December 1966 with a seedling of T. patula, T. erecta, T. minuta and wheat, 
respectively, and one series was left unplanted as control. All plants grew well 
and the tubes were well rooted a few weeks later. Nine weeks after planting fresh 
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TABLE 2. Effect of three Tagetes spp. and wheat on an established population of P. penetrans 
in a tube culture. Planted on 20.12.1966. Initial density 3096 P. penetrans per tube 
with 180 ml of soil. Final densities and root weights determined 9 weeks after plant­
ing; average figures of 6 replicates; between brackets averages of logarithmically 
transformed figures and least significant differences (L.S.D.) at 5 % and at 1 % levels. 

1 

Plant 

T. patula 
T. erecta 
T. minuta 
Wheat 
No plant 

L.S.D. 5% 
1% 

2 
Fresh 
weight 

of roots, 
in mg 

2419 
3668 
2289 
1949 

-

3 

In soil 

0.8 (0.23) 
138 (2.09) 
101 (1.99) 

1198 (3.03) 
1790 (3.25) 

(0.239) 
(0.325) 

4 5 
Final number of P. penetrans 

In roots 

22(1.32) 
1259(3.02) 
1044 (2.98) 
6895 (3.80) 

-
(0.330) 
(0.456) 

Total 
3 + 4 

23(1.33) 
1397(3.07) 
1145(3.03) 
8093 (3.85) 
1790(3.25) 

(0.273) 
(0.373) 

6 

Per 10 g 
of roots 

91 (1.90) 
3631 (3.47) 
5004(3.65) 

36955 (4.52) 
-

(0.376) 
(0.520) 

roots were weighed and nematodes in roots and soil of all tubes were counted. 
Values are summarized in Table 2. 

The number of P. penetrans in the fallow soil dropped to about 60% of the 
initial density, which was much less than in the inoculation experiment of Sec­
tion 3.2.1a. This can be interpreted as a technical improvement. 

Nematode counts in soil (Col. 3) were again lowest under T. patula, followed 
by T. erecta and T. minuta. The effect of all three species was highly significant 
compared to wheat or fallow. Unlike Tagetes spp. wheat increased total popula­
tions, as is evident from the numbers in Col. 4 and 5. 

Total counts of P. penetrans were strongly suppressed by T. patula. The other 
two Tagetes spp. suppressed the total population slightly more than fallow, but 
the difference was not or hardly significant. In the tubes with T. patula only 
1,3 % of P. penetrans survived in comparison to the controls. The roots of T. erec­
ta and T. minuta harboured large numbers of nematodes, 3631 and 5004 per 
10 g, respectively. More than 90% of the nematodes surviving in all Tagetes 
treatments were inside the roots. In tubes with wheat the total count of P. pene­
trans was 4.5 times that of controls; 85 % of the nematodes were in the roots. 

In the T. patula tubes, counts of P. penetrans were extremely low in soil as 
well as in roots. This is not so or less obvious for T. erecta and T. minuta. These 
differences in effectivity between the three Tagetes spp. are also reflected by the 
numbers in Col. 6. 

c. P. crenatus as natural population in loamy sand 
A similar trial to that in Section 3.2. lb. was made with P. crenatus. It began a 

week later, on 27 December 1966, and the infested soil was taken from a trial 
plot on sandy loam in Wageningen on which maize had been the last crop. The 
soil harboured a mixed population in which P. crenatus was the most numerous 
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species followed by the ectoparasitic Tylenchorhynchus dubius and Rotylenchus 
robustus. Determination of 40 Pratylenchus females revealed no species other 
than P. crenatus. The Pratylenchus population in the soil was therefore regarded 
as pure crenatus, also because analyses for other purposes in preceding years 
had always indicated the presence of this species only. The mean count of P. cre­
natus and of Tyl. dubius and of R. robustus per tube as determined from five 
samples taken from the whole batch of soil was 1327, 740 and 287, respectively. 

As in preceding experiments all plants grew well and nine weeks after planting 
roots were weighed and nematodes counted. Values are shown in Table 3. 

Pratylenchus populations in the control tubes were fallen to 82 % only at the 
end of the experiment. In all planted tubes the soil contained considerably fewer 
P. crenatus than in the control tubes (Col. 3), but it appears again from Col. 4 
and 5 that the number of nematodes was reduced only with Tagetes. Total num­
ber of nematodes at the end of the test (Col. 5) was 4%, 10%, 46% and 144%, 
respectively, for Tpatula, T. erecta. T. minuta and wheat. Of these numbers 37 %, 
53 %, 73 % and 86 % were found in the roots of the plant species in the same 
order. Hence, there was a tendency to increase in both series of percentages. 
T. patula suppressed populations of P. crenatus more than T. erecta, and T. erecta 
was more effective than T. minuta. This is markedly reflected in the values in 
Col. 6. T. patula proved again to be the most effective species for Pratylenchus 
and T. minuta the least. 

The effects on Tyl. dubius and R. robustus were less marked; they will be dis­
cussed in Section 3.4.1 and 3.5.1. 

d. P. neglectus as natural population in clay 
A similar trial was started, again a week later on 3 January 1967 with a clay 

soil from a trial field in Uithuizen heavily infested with P. neglectus and lightly 
with other species among which was Tylenchorhynchus nothus Allen. The last 
crop had been oil rape, Brassica napus L. oleifera. 

The average number of P. neglectus and Tyl. nothus per tube as determined by 
counting nematodes in 5 samples of the same batch of soil was 974 and 594, 
respectively. All plants grew well and the experiment was evaluated again 9 
weeks after planting. Table 4 shows the results. 

Numbers of P. neglectus hardly decreased in the control tubes without plant: 
to 96 % of the initial population density. 

After 9 weeks total counts (Col. 5) were with Tagetes only slightly lower than 
in the control tubes without plant: 90 %, 92 % and 98 % of control for T. patula, 
T. erecta and T. minuta, respectively. The difference between these species were 
not significant, but again T. minuta was the least effective according to numbers 
per 10 g of roots. 

Wheat allowed P. neglectus to breed and multiply to a density which was 180 % 
of the control and which was also higher than the initial density (Col. 5). Of this 
number 83 % was present in the roots. 

Only 1-2 % of the total number of nematodes was found inside the roots of 
Tagetes spp. P. neglectus, therefore, was decreased little by Tagetes spp. in this 
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experiment and the bulk of the nematodes remained alive in the soil. The rate of 
penetration into Tagetes was apparently very low. P. neglectus extracted from 
tubes with Tagetes showed no difference in appearance or activity from those 
extracted from tubes with wheat or from the control tubes. 

Tyl. nothus was also not significantly influenced in this trial (Section 3.4.1). 

e. P. thornei as natural population in heavy clay 
This trial similar to the previous one, was started again a week later on 10 

January 1967, with a heavy clay of a good structure from a field in Wageningen 
where P. thornei had reached a high density under wheat. No Pratylenchus spp. 
other than thornei were found on determination of 100 Pratylenchus specimens 
from this soil. There were on an average 2121 P. thornei per tube as determined 
from numbers found in five samples, and also 369 Tylenchorhynchus brevidens 
Allen. 

All plants grew fairly well during the trials though some remarks are necessary. 
Tagetes spp. formed extensive root systems in the heavy clay. The soil which 
formed a column of loosely packed crumbles in the tube was uniformly rooted 
and its favourable structure was well retained throughout the trial. This was not 
true with wheat. Wheat formed considerably fewer roots than Tagetes. The soil 
was sparsely rooted and watering tended to affect its structure, crumbles disinte­
grating to form compact parts of clay in the tube. This happened to some layers 
of soil bordering the glass wall near the bottom of tubes as water was added 
through the plastic tube. In such compacted parts of the soil, roots were soon 
killed and were bordered by a bluish-black anaerobic zone of clay. 

Table 5 give values from the different treatments at the end of the trial, 9 weeks 
after planting. 

Decline of Pratylenchus population in the control tubes was almost negligible: 
3 % on average. Total counts of P. thornei (Col. 5) suggest a slightly greater 
decline in tubes with T. patula, T. erecta and wheat, and a slight increase in tubes 
with T. minuta. These differences, however, are not significant. 

Although wheat is known as a good host of P. thornei (Sher & Allen, 1953), 
there was no increase in the total population. This was probably due to the poor 
development and decline of the roots. The count of P. thornei in individual tubes 
with wheat varies greatly and fewest occurred in tubes with many dead roots in 
anaerobic soil sections. Healthy wheat roots harboured many P. thornei, as 
appears from the figures in Col. 4 and especially Col. 6. This was not so in the 
roots of the Tagetes spp. 

The vast majority of P. thornei stayed in the soil medium in 7age*ey-planted 
tubes, whereas in wheat-planted tubes most of the nematodes were in the roots. 

Differences in effect between the three Tagetes spp., with T. patula as most 
effective, appear from the numbers in Col. 6, although the population as a whole 
was hardly suppressed by any of the species in the experiment. 

There was only a slight effect of the Tagetes spp. on Tyl. brevidens (Section 
3.4.1). 
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3.2.2. Field trials 

a. Effect of different Tagetes spp. and cultivars on a field popu­
lation with P. crenatus and P. penetrans. 
A sandy soil with many P. crenatus and some P. penetrans (ratio 37:3) at 

Zeijerveld was planted in 1964 with 8 cultivars of T. patula, 6 of T. erecta one of 
T. lucida andT. signata and with T. minuta, barley (Hordeum vulgare L.), potato 
or fallowed. It was a randomized block experiment with four plots of 1.5 m X 
1.8 m per treatment. The plants were sown on the plots in rows 25 cm apart in 
mid May, except for some Tagetes plots (4, 5, 7, 8, 15 and 16 in Table 6) which 
were sown in the greenhouse and transplanted three weeks later to the plots. The 
whole field was evenly fertilized with an adequate amount of NPK granules and 
kept free of weeds, and pests and diseases of aerial parts as much as possible. All 
plants grew well throughout the season. Soil samples were taken from each plot 
before and after the experiment and Pratylenchus densities were counted per 
100 ml of each. The final populations were expressed as percentages of the initial 
population in each plot. Results are summarized in Table 6 as far as they are 
relevant to this chapter of the study. The results, also for plant characters, will 
be discussed in more detail in Chapter 5 on possible application of Tagetes spp. 
in practice. 

The Pratylenchus population dropped to 79 % of its initial density in the course 
of 6 months in the fallow plots. It increased under barley, which is known as a 
good host of both Pratylenchus spp. to 282 % and under potato, which is known 
as a suitable host of P. penetrans but not of P. crenatus to 160 %. 

All eight T patula varieties tested appeared to suppress the nematode popu­
lation very effectively in this field test. The variety Harmony was similar in effect 
to the variety Golden Harmony. 

T. erecta Aurantiaca showed hardly more effect than control. This result may 
have been influenced by the percentage transformation of the figures, due to the 
fact that the initial density noted for the Aurantiaca plots was least of all objects. 
The final density was 169 Pratylenchus per 100 ml against 358 in the Control. 

Percentage transformation of the figures may not correctly reflect suppression 
of populations which are so low that the equilibrium density under the test plant 
is reached in the course of the experiment, so count of nematodes in the post-
plant population, as used before would be more significant. The conclusions from 
the trial, however, would also then be that the effect of T. erecta Aurantiaca has 
been much less than with any of the T. patula treatments. This holds for most 
T. erecta cultivars. There is, however, much variation in this group: the most 
effective cultivar could be compared to the least effective T. patula cultivar. 

T. lucida and T. signata were moderately effective. T. minuta was here, con­
trary to earlier experiments, not effective at all: it increased the Pratylenchus 
population to 150 % and left a final density of 420 Pratylenchus per 100 ml of soil, 
therefore higher than in the fallow plots. 

Comparisons within sets of means of densities were also analysed with 
SchefK's multiple F test. For this purpose final densities were corrected relative 
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to the corresponding initial levels; the differences in the corrected data for pairs 
of species or varieties were then expressed as units of their estimated standard 
deviation and compared with the critical value at a level of significance of 0.05. 
According to this procedure significant differences were found between all 
Tagetes spp. individually and barley and potato, except for T. erecta Hawaii, 
T. erecta Cupido Orange, and T. minuta, which did not differ significantly from 
potato. Comparisons within Tagetes spp. and fallow, however, yielded differen­
ces which were sometimes notable but often not significant. 

When data only for T. patula Golden Harmony, T. erecta Aurantiaca and 
T. minuta were analysed, which were the most frequently used test plants in this 
study, the differences were significant. T. patula cv. Golden Harmony and Har­
mony were not significantly different. 

Thus the cultivars of T. patula were generally most effective in this field trial 
and the cultivar Harmony used in most rotation trials discussed later, is about as 
effective as Golden Harmony which was used in the test-tube experiments descri­
bed in Section 3.2.1. 

b. Effect of monoculture and two-year rotation with T. patula on 
soils with different Pratylenchus spp. 
Cross trials, as described before, with T. patula Harmony as one of the crops, 

were maintained on 12 widely different soils with different Pratylenchus spp. or 
mixtures. In all these trials the effect of Tagetes was compared with a good host 
plant and a poor host (or fallow if present) as monocultures over several years. 
Also two series of 2-year rotations, with Tagetes and other crops alternated, 
became available from each trial field, namely a series beginning with Tagetes 
and a series beginning with alternate crops. Soil samples were examined between 
growing seasons in the autumn or spring of each year. Autumn samplings are 
generally considered equivalent to spring samplings, because no difference was 
noticed in comparison of the population densities, but they are nevertheless 
marked in summarizing the results. In this arrangement initial density of the 
second year is also the final density of the first year, and so on. The results of all 
twelve trials, I to XII, are graphically represented in Fig. 1 for the monocultures; 
the relevant data of each experiment are indicated in the graphs. Fig. 2 repre­
sents the results of both series of two-year rotations of Trials I to IV. The graphs 
of Figs 1 and 2 are restricted to results for the first years after the onset of each 
trial, and are confined to Pratylenchus densities. 

Table 7 lists initial and final densities of all nematode genera or groups of the 
populations in the Tagetes monoculture plots on the same field trials I to XII. 
The final populations given here are based on the most recent analysis made and 
the trial periods are longer than those illustrated in the graphs of corresponding 
trials in Fig. 1. It will be necessary to refer to Table 7 also in the sections on 
other nematode genera than Pratylenchus. 

Table 7 shows that longterm monoculture of T. patula suppressed Pratylen­
chus populations to a low density in all fields, comprising different nematodes 
species and different soil types. The final densities per 100 ml of soil varied from 
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0 to 20 on the 8 light soils, but were slightly higher on 3 of the 4 heavy soils with 
final densities of 35, 0, 70 and 48 in Fields IV, VII, VIII and XII, respectively. 
The fields which had carried Tagetes crops for 7 years or longer all harboured 
low final densities. Zero density was found in only 4 of the 12 fields and may be 
due to the sample size. It is probable from the fluctuation of figures in successive 
years that absolute zero was not reached under Tagetes. 

Fig. 1 shows that monoculture of T. patula was nearly always more suppressive 
than other poor hosts or than fallow and that the differences were most stri­
kingly in the first year. These graphs also show that the decrease in the heavy 
soils IV, VIII and XII, all with P. thornei and P. neglectus, was less marked or 
occurred slower than on other fields. The graphs of Fig. 1 indicate that fallow 
may reach about the same low Pratylenchus density as Tagetes but that it takes 
more years. Under fallow absolute zero is not normally obtained. Under good 
hosts Pratylenchus density fluctuates sharply at a high level, as would be expec­
ted. 

Fig. 2 on biennial rotations with Tagetes on Fields I - IV gives additional 
insight and is very illustrative. Series a with Tagetes first as well as Series b with 

FIG. 1. The effect of monoculture of T. patula (T) compared to fallow or a poor host and to a 
good host plant (as indicated in the graphs) on different Pratylenchus spp. in field 
trials I-XII on different soils. 
Ordinate of individual graphs: population density of Pratylenchus per 100 ml soil 
determined in spring, or in the autumn before if the corresponding year on the abscissa 
is marked with an asterisk. 
Some individual densities are recorded in the graphs. 
Abscissa of individual graphs: number of years for which the crops have been cul­
tivated. 

I. P. crenatus in a loamy sand at Wageningen; first crop in 1958. 
II. P. penetrans and P. crenatus in a peaty sand at Nieuw Buinen; first crop in 1961. 

III. P. neglectus and P.penetrans (9:1) in a sandy soil at Hijken; first crop in 1959. 
IV. P. thornei and P. neglectus (9:1) on a heavy clay (80 % of soil particles < 16\x) at 

Hagestein; first crop in 1959. Initial density in first year was determined too late 
and is therefore disputable. 

V. P. crenatus in a sandy loam at Ellecom; first crop in 1959. 
VI. P. penetrans and P. crenatus in a sandy soil at Zeijerveld; first crop in 1961. 

Initial density of first year determined in autumn 1960. 
VII. P. neglectus in a clay soil (19 % < 16 (x) at Uithuizen; first crop 1962. 

VIII. P. thornei and P. neglectus (3:1) in a clay soil (22 % < 16 \x) at Ried; first crop in 
1961. The initial population density in the spring of 1961 was unrecorded, but all 
plots were cultivated before with wheat in 1960. 

IX. P. crenatus with some P. neglectus in a sandy soil at Spier; first crop in 1960. 
X. P. penetrans and P. crenatus (2:1) in a sandy peat at Nieuwe Pekela; first crop in 

1961. Tagetes monocultural plots had been grown with oats in 1958, 1959 and 
1960. The potato and rose monocultures were started on the same plots in 1958. 

XI. P. neglectus and P. crenatus (1:1) in a sandy soil at Doom; first crop in 1958. On 
the Tagetes plots T. patula was erroneously replaced by a T. erecta variety in the 
first two years. 

XII. P. thornei with some P. neglectus in a heavy clay soil at Elst. Initial and final 
densities determined in 1960. 


