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SUMMARY 

Fourteen  sunflower  fields,  representative  of  the  conditions  prevailing  in the main  sunflower-producing  areas  of  South  Africa, 
were  monitored  through the 1984/85 growing  season.  Twelve  plant-parasitic  nematode  species  were  found. The predominant 
ectoparasites  were Scutellonema  brachyurum, Paratrichodorus minor and Rotylenchus  unisexus. The predominant  endoparasites  were 
Pratylenchus zeae and larvae  of Meloidogyne spp.  (a  mixture of M .  incognita plus M. javanica). Helicotylenchus dihystera, 
Paratrophurus anomalus, Trophurus sp., Pratylenchus crenatus, Pratylenchus penetrans and Rotylenchulus paruus were  also found. 
In the soil,  total  populations  of  plant-parasitic  nematodes  increased  between  planting and physiological  maturity  in  eight  fields  while 
those in six fields  decreased. In the roots, total  populations of plant-parasitic  nematodes  increased  between  three weeks after  planting 
and  physiological  maturity  in  eleven  fields  while  those  in two fields  decreased. P. rninor populatjons  usually  increased  during the 
growing  season. Up to 900 Meloidogyne larvael5  g  roots were  counted but very  few adult  females were found  and  gall  formation 
was  never  observed. The sunflower  cultivars  studied thus allowed  penetration  of the roots  by the larvae but inhibited the 
development  of  mature  females. 

RESUME 

Les  nématodes parasites des cultures en Afnque  du  Sud. 3. Tournesol 

Quatorze  champs  représentatifs  des  conditions de production du tournesol  en  Afrique du Sud  ont  été  prospectés durant la  saison 
de  culture  de 1984/85. Douze  espèces de nématodes  phytoparasites  ont  été  identifiées. Les ectoparasites  prédominants  sont 
Scutellonerna brachyurum, Paratrichodorus mi?zor et Rotylenchus unisexus, et les  endoparasites  prédominants Pratylenchus zeae et 
des  juvéniles  de Meloidogyne spp.  (mélange  de M. incognita et M .  jaqanica). Helicotylenchus dihystera, Paratrophurus  anomalus, 
Trophurus sp., Pratylenchus crenatus, Pratylenchus penetrans et Rotylenchulus parvus ont aussi  été  identifiés.  Les  populations  des 
nématodes  phytoparasites  dans  le  sol  croissaient  entre  la  plantation  et  la  maturité  physiologique  dans  huit  champs et décroissaient 
dans six autres  champs.  Les  populations  de  nématodes  parasites  dans  les  racines  s'accroissaient  entre  trois  semaines  après  plantation 
et  la  maturité  physiologique  dans  onze  champs  et  décroissaient  dans  deux  champs. Les populations  de P. minor croissaient 
habituellement durant la  saison  de  culture.  Jusqu'à 900 juvéniles de Meloidogyne pour 5 g  de  racines ont été  dénombrés,  mais  peu 
de  stades  femelles ont été  observés,  non  plus que la  formation de, galles. Les cultivars de tournesol  étudiés  permettaient la 
pénétration  des  juvéniles  de Meloidogyne dans  les  racines  mais  empêchaient  leur  développement  ultérieur. 

Sunflower (Helianthus  annuus L.) is one of the major 
oil-seed crops  in  South Africa. About 310 O00 ha  are 
planted annually.  Sunflower yields may  be  suppressed 
by  many diseases including  those  caused  by  plant- 
parasitic  nematodes. In  the U.S.A., Rich (1979), Key- 
serling and  Bernard (1 980) and  Rich  and  Green (198 1) 
reported  damage  caused by Meloidogyne javanica 
(Treub)  Chitwood to  sunflower, while inoculation of 
sunflower seedlings with Pratylenchus penetrans (Cobb) 
Filipjev & Schuurmans  Stekhoven resulted in wilting 
and  stunded  plant  growth  (Kaplan,  Rohde & Tattar, 
1976). In  South Africa, heavy infestations of sunflower 
with Meloidogyne  incognita (Kofoid & White)  Chit- 
Wood, Meloidogyne arenaria (Neal)  Chitwood  and M. 
javanica have  been  found (Van der  Linde,  Clemitson & 

Crous,  1959;  Koen, 1969). Several  nematode  species, 
such as Paratrichodorus tninor (Colbran)  Siddiqi  and 
Pratylenchus  brachyurus (Godfrey) Filipjev & Schuur- 
mans  Stekhoven,  reported to reproduce  on  sunflower  in 
the U.S.A. (Rich & Dunn, 1982), are also abundant  in 
South  African agricultural soils (De Waele & Jordaan, 
1980 a, b). Keetch  and  Buckley (1984) listed  eleven 
plant-parasitic nematode species associated with  sun- 
flower  in  South Africa, but  did  not differentiate  between 
common  and  rare species. No idonnation exists regard- 
ing  the  host susceptibility of sunflower  to  nematodes 
in  South Africa. 

This  paper  presents  the results of a study (i)to identify 
the  predominant plant-parasitic  nematode  species as- 
sociated with sunflower  in  South Africa, and (ii) to 
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examine  their  population  development  between  planting 
and physiological maturity of the crop. 

Materials  and  methods 

During  the 1984/85 growing  season, soil and root 
samples were collected from  fourteen  sunflower fields 
from  the  sunflower-producing areas of South Africa 
(Fig. l),  at planting, three  and six weeks after  planting, 
at  flowering (50 O/O of the flowers open)  and  at physio- 
logical maturity. The soil properties, rainfall, cultivar 
planted  and  crop  history of the  fourteen  sunflower fields 
are given in  Table 1.  Soi1 properties  and  agronomic 
practices of the  selected  sunflower  fields  represent the 
prevailing  production  conditions.  Fields 1 to 8 had  sandy 
soils (Clay content < 15 "O) and fields 9 to 14 Clay soils 
(Clay contents > 35 "0). On al1 fields  sunflower was 
grown  under  dryland  conditions.  Fields were planted 
between  19th  October  1984  and  9th  January 1985. No 
fertilizers  or  nematicides were applied  in  any of the 
fields. Al1 fields were  naturally  infested  with  nematodes. 

In'each field, soil and roots from  nine plants were 
collected  from a 0.25 ha plot and  combined.  The soil 
nematodes were extracted  from  three 100 ml subsamples 
by a modified  decanting  and  sieving  method (Flegg, 
1967) using 710 p and 45 pm sieves, followed by the 
sugar  centrifugal-flotation method of Jenkins (1964). 
The root  nematodes  were  extracted  from  three 5 g 
subsamples by the  sugar centrifugal-flotation  method 
(Coolen & DHerde, 1972). Hot (90") 4 O/o formalin was 
added  to kill and fii the  nematodes.  Nematode  popu- 
lation levels  were determined  and  expressed either as the 
number of nematodes  per 100 ml soil or  per 5 g roots. 
Two  hundred  nematodes  from  each  sample were trans- 
ferred to anhydrous glycerin (De Grisse, 1969), mount- 
ed  on slides by the paraffin-ring method  and identified. 

Prominence  values (PV = population  density x 
ifiequency of occurrence/lO) were  calculated  for  plant- 
parasitic  nematode population densities in  the soil and 
roots. 

Results 

Twelve  plant-parasitic nematode species were found 
(Tab. 2). The  predominant ectoparasites were Scutello- 
nema  brachyurum (Steiner)  Andrassy, Paratrichodorus 
minor and Rotylenchus  unisexus Sher. Helicotylenchus 
dihystera (Cobb)  Sher  occurred in  four sunflower  fields 
but its  population  density  remained low (less than 10 
individuals/100 ml soil). The predominant  endoparasites 
were Pratylenchus zeae Graham  and Meloidogyne spp. 
(a mixture of M. incognita plus M. javanica).  Rotylen- 
chulus pamus (Williams) Sher was present  in  seven 
sunflower fields but  the  population densities in  the soil 
were not  equalled by the  population levels in  the roots 
(max. 45 individuals/lOO ml soil vs max.  18  indi- 
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Fig. 1. Sites in the sunflower-production  areas of the  Transvaal 
and  Highveld, South Africa,  where  nematode  populations  were 
monitored during the 1984/85 growing  season. 

viduals/5 g roots, respectively). PratyZenchus  crenatus Loof 
and Pratylenchus  penetrans occurred  in  the soil samples 
from five and  four fields respectively, but only in  the 
root  samples  from  one field each. Telotylenchinae 
consisted of a mixture of Paratrophurus  anomalus 
Kleynhans & Heyns  plus a new Trophurus species (to be 
described  later)  in  one  field  and P. anomalus alone  in 
another  sunflower  field. 

Mixed  populations of P. zeae,  P.  crenatzls and P. 
penetrans, and of P. zeae with P.  crenatus, were present 
in  two fields  each, and of P. zeae with P. penetrans in 
one  field. P. crenatus and P. penetrans never occurred 
together  without P. zeae. P. zeae was found  alone  in 
seven fields and P. crenatus and P. penetrans alone in  one 
field each. P. zeae usually  outnumbered  both P.  crena- 
tus and P. penetrans when these species  were present  in 
the  same field,  except in  one field, where P. crenatus 
outnumbered  both  the  other two species. 

The population  development of the plant-parasitic 
nematodes  between  planting  and physiological maturity 
varied  from field to field and several different patterns 
were observed  (Fig. 2 A-N). Total  populations of plant- 
parasitic nematodes  in  the soil increased between plant- 
ing  and physiological maturity  in eight fields, while 
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Table 1 

Mean soil  properties,  cultivar  planted,  rainfall  and  crop history of the fourteen  sunflower  fields 
monitored  during 1984/85 in  the  Transvaal  and  Highveld,  South  Africa 

Faml no. District 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

Senekal 
Senekal 
Senekal 
Senekal 
Schweizer-Reneke 
Bloemhof 
Hertzogville 
Hertzogville 
Warmbad 
Warmbad 
Standerton 
Standerton 
Koppies 
Koppies 

SL 
SL 
LS 
LS 
LS 
SL 
LS 
S 

CL 
C.L 
CL 
CL 
CL 
CL 

15-20 
14-16 
8-12 
8-12 

10-15 
15 

10-12 
8-10 

50 + 
45-50 
40-45 
45-50 
35-40 
45-50 

SO 323 
SO 323 
so 222 
so 222 
SO 209 

PNR 7225 
PNR 40 S 
PNR 40 S 

n.a. 
n.a. 

SO 320 
SO 321 
AS 504 
so 222 

265 
265 
178 
209 
129 
119 
163 
102 
268 
268 
357 
344 
316 
316 

M S S 
S S S 
F P S 
S P S 
S S S 
S " S 
W S M 
W W S 
S S F 
sg S S 
M sg  sg 
sg S sg 
S S sg 
sg S sg 

(1) Soi1 type (SL : Sandy  loarn; LS : Loamy sand; S : Sand; CL : Clay  loarn). 
(2) Rainfall from three weeks before planting onwards until physiological  rnaturity. 
(3) Crop history (M : Maize; S : Sunflower; F : Fallow; P : Potato; W : Wheat; Sg : Sorghurn). , 

n.a. = data not available. 

those  in six fields  decreased.  Total  populations  in eleven 
fields  decreased at  the  beginning of the  season  between 
planting  and  three weeks after  planting, while the total 
populations  in  nine fields  decreased  at  the  end of the 
season  between  flowering  and physiological maturity. 
The  total  population  in  one field  increased  continuously 
throughout  the  season (Fig. 2 C), while those  in two 
fields  decreased  continuously (Fig. 2 K and L). In  the 
roots, total  numbers of plant-parasitic  nematodes  in- 
creased  between  three weeks after  planting  and physio- 
logical maturity in ten fields, and  decreased  in only three 
fields. No root  populations  increased  continuously 
throughout  the  season,  but  one  root  population 
decreased  continuously  (Fig. 2 K). One field was found 
to  have  no  nematodes  in  the roots (Fig. 2 J). 

Many  populations of S. brachyurum (Fig. 2 K, L and 
M), P. zeae (Fig. 2 K) and P. crenatus (Fig. 2 L, and N) 
on  the Clay-soi1 farms with sorghum  crop histories 
peaked  in  numbers  at  the  beginning of the  season  and 
thereafter  decreased. Many Meloidogyne spp.  and R. 
parvus populations  peaked  in  numbers  in  the  middle of 
the  season,  at six weeks after  planting (Fig. 2 B, F and 
H) and  flowering (Fig. 2 B, F, M and N), respectively, 
and  thereafter  decreased. P. minor was the only species 
which  increased in numbers,  in  the soil and roots, until 
the  end of the season, usually  in  the  sandy soils (Fig. 2 A, 
C, D, E, G, H and 1). 
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Discussion 

Of the  predominant parasitic nematodes  found  dur- 
ing  the  present study, S. brachyurum has previously 
been  reported  on  sunflower  in South Africa (van  den 
Berg & Heyns, 1973) while P. minor and P. zeae have 
been  found associated with  this crop  in  the U.S.A. (Rich 
and Dunn (1982) made a similar observation. In the 
unisexus on  sunflower. R. unisexus is the  most wide- 
spread and  abundant Rotylenchus species in South  Mrica 
(Van den  Berg & Heyns, 1974). The observation  that P. 
minor populations  increased  during the growing  season 
while the  population  numbers of most  other parasitic 
nematode species decreased  during  the  same  period 
indicates that  sunflower is a good  host  for P. minor. Rich 
and Dunn (1982) made a similar  observation. In  the 
present study, both S. brachyurunl and P. minorinvaded 
the  deeper cortical layers of sunflower  (up  to  596  and 
350  individuals/5  g  roots of S. brachyurum and P. minor, 
respectively, were found). P. minor, S. brachyurum and 
P. zeae were also among  the  predominant parasitic 
nematodes associated with  maize  and  sorghum  in  South 
Africa (De Waele & Jordaan,  1988 a, b). 

H. dihystera is the  most widely distributed Helicoty- 
Zenchus species in  South Africa (Van  den  Berg & Heyns, 
1975). This species occurred  in  four of the  sunflower 
fields but in very  low numbers ( m a .  21 individ- 
uals/100  ml soil). 
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Table 2 

Frequency of occurrence,  mean  population  density  and  prominence  value (PV) of the predominant  nematodes  recovered 
from soil and  sunflower  roots  in  fourteen  sûnflower fields in the Transvaal  and  Highveld, 

South Africa, at planting, 3 and 6 weeks after  planting, 50 O/o flowering,  and at physiological maturity 
(PL' = population density , x dFrequency of occurrence/lQ)' 

Nematode speciej 

P 3wk 6wk R PhJ P 3wk 6zuk R P !  

SOlL 

Scrrtdonelna brachymn 
ParatriChodorus minnr 
Rotylencha misexrrs 
Helicotylenchus dilys fera 
Paralmphurus spp. 
Praylenchus zeae 
Aatylendu crcnatus 
Aatylenchlrs penetrans 
Rotylenchrhrs par711rs 
Meloidngyne spp. 
Al1 plant-parasitic nematodes 

R o m  
Pratylenchns  zeae 
Pratylenchus  crenatus 
Pratyler~chus  pclretrans 
Rotylenchuhrs ~ O I V J I S  

Meloidogyne spp. 
Scutelloneonema  brachyrmn1111 
Parntrichndonrs t~tinor 
Rotyleachus unisexus 
Parafrophlm spp. 
Al1 plant-parasitic nematodes 

71.4% 
71.4"e 
50.0 " O  

28.6 "11 

14.3 " O  

78.6 ('0 

35.7 ('0 
28.6 "O 

78.6 "II 

28.6 "11 

100 ['a 

78.6 ('II 
7.1 'III  

7.1 ['a 
50.0 "II 
35.7 ['O 
64.3 
5?.l0o 
21.4 " O  

7.1 
90.0 

184 
28 
22 
4 

105 
79 

266 
14 
45 

O 
747 

136  56 
22  67 
14 30 
4  4 
7 7 

48 17 
118 48 

4  11 
6 8 

18 42 
374 290 

50 53 
O 14 

28 14 
6 2 
8 266 

76 17 
4 5 
9 37 

14 42 
195 450 

22 
102 
20 

7 
98 
18 
31 
25 
29 
25 

311 

15 
56 
42 
18 
95 
8 

65 
5 

126 
430 

35 
140 
22 
4 

63 
3 

20 
O 
4 

46 
337 

37 
O 
O 
4 

56 
37 
68 
23 
14 

239 

155.5 
23.7 
15.5 
2.1 

39.7 
70.0 

158.9 
7.5 

39.9 
O 

114.9 
18.6 
9.9 
2.1 
2.6 

39.9 
70.5 
2.1 
5.3 
9.6 

44.3 
O 
7.5 
4.2 
4.8 

60.9 
3.0 
4.2 
3.7 

47.3 
56.6 
21.2 
2.1 
2.6 

15.1 
28.7 
5.9 
7.1 

22.5 

47.0 
3.7 
3.7 
1.4 

158.9 
13.6 
3.8 

17.1 
11.2 

18.6 
86.2 
14.1 
3.7 

37.1 
16.0 
18.5 
13.4 
25.7 
13.4 

13.3 
14.9 
11.2 
12.7 
56.8 
6.4 

49.1 
2.3 

33.6 

29.6 
118.3 

15.5 
2.1 

23.8 
2.7 

11.9 
O 
3.5 

24.6 

3218 
O 
O 
2.8 

33.5 
29.7 
51.4 
10.6 
3.7 

The  present  study  confirms  that Paratrophurus ano- 
malus, Pratylenchus  penetrans and P. crenatus are wide- 
spread in local  agricultural soils (De Waele & Jordan, 
1988 a, b). Of  these  nematode species only P. penetrans 
has  previously  been  found  on  sunflower  (Kaplan & 
Rohde, 1976; Kaplan et  al., 1976). 

The absence of Longidorus pisi Edward, Misra & 
Singh  and Pratylenchus  bruchyurus (Godfrey) Filipjev & 
Schuurmans  Stekhoven  in  the  sunflower fields investi- 
gated is surprising.  Both species are  widespread  in  South 
Africa (Van den Berg, 1971 ; Jacobs & Heyns, 1982) and 
occur  frequently  in  1ocal.maize  and  sorghum fields (De 
Waele & Jordaan,  1988 a, b). P. bruchyurus has  pre- 
viously been  reported  on  sunflower in South Africa 
(Koen, 1967) and  in  the U.S.A. (Rich & Dunn, 1982). 

M. incognita and M. javanica are widespread in  South 
Africa and  are  considered serious  pests of many  crops 
(Keetch & Heyns, 1982). Sunflower  has  been  reported 
as a  good  host  for  both  species (see e.g. Van der  Linde 
e t  al., 1959; Koen, 1969; Rich, 1979; Keyserling & 
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Bernard,  1980;  Rich & Green,  1981;  Rich & Dunn, 
1982). During  the  present  study, M. incognita and M. 
javanica were found  in  seven of the  sunflower fields. 
Although up to 900 larvael5 g roots  were  counted, very 
few  adult  females were found  and gall  formation was 
never  observed.  This  suggests  that the sunflower  culti- 
vars studied allowed the  penetration of the roots  by the 
larvae but inhibited the  development of mature  females. 
Resistance of sunflower  genotypes  to M. incognita and 
M. javanica has been  reported by Green,  Genung  and 
Killinger (1978), Rich  and  Green (1981), Rich  and 
Dunn (1 982) and Antonio and Dall'Agnol (1983). 

R. paruus occurred  in eleven of the  sunflower fields 
but  it is very doubtful if sunflower is a  good  host. 
Population densities of R. paruus in  the soil and  root 
samples  remained very  low during  the  growing  season 
(on average, less than 50 individuals/100 ml soil and 20 
individuals/5 g roots). Moreover, R. paruus was not 
found  in  the  root  samples of four  out of the eleven 
sunflower fields in  which  the species was present  in  the 
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soil samples,  and  no  adult  females were found. R. parvus 
has not  been  found  on  sunflower before. 

Data  on  the  pathogenicity of the plant-parasitic 
nematodes  most  commonly  associated  with  sunflower  in 
South Africa is scarce. Inoculations of 2 O00 P. penetrans 
per  seedling  caused extensive lesion formation  and 
browning of sunflower roots, particularly the  tap  root 
(Kaplan et al., 1976). Lesion  formation was caused  by 
the  breakdown of cortical cells (Dickerson,  Darling & 
Griffin, 1964; Acedo & Rohde, 1971). Inoculation of 
12 O00 P. penetrans per  seedling severely stunted  the 
sunflower  plants,  many  seedlings  died  after two weeks 
while those  that  survived  had very few  roots (Kaplan et 
al., 1976). M. javanica caused  plant  growth  suppression 
of sunflower (Rich, 1979; Keyserling & Bernard,  1980; 
Rich & Green, 1981). 

At planting, the  population densities of many  popu- 
lations of the  predominant  parasitic  nematode  species in 
the soil  were  already high. This  observation  suggests  that 
nematode species were able  to  survive  the  dry fallow 
period  between  growing seasons. Anhydrobiosis  occurs 
in S. bmchyurum and P. penetrans (Demeure,  Freckman 
& Van  Gundy,  1979 a, 1979 b; Townshend, 1984). 

A sorghum crop history on  the Clay-soil farms  appar- 
ently  affected the  population  development of S. bra- 
chyurunz, P. zeae and P. crenatus. De Waele  and  Jordaan 
(1988 b) reported  that  the  population  numbers of these 
species on  sorghum were sGll very high  at harvest. As a 
result, the  populations were also high at  planting of the 
next  crop,  sunflower, but declined  rapidly  through  the 
season  under this  crop. 

ACIZOWLEDGEMENTS 

The authors wish to  thank  Drs  E. Van den  Berg  and 
K.  Kleynhans,  Plant  Protection  Research  Institute,  Pretoria, 
for  their  help with the identification of some  species  and  R. 
Jantjies  for  technical  assistance. 

REFERENCES 

ACEDO,  J. R. & ROHDE, R. A. (1971).  Histochemical  root 
pathology of Brassica oleracea capitata L. infected by Pra- 
tylenchus  penetrans (Cobb) Filipjev‘ and  Schuurmans- 
Stekhoven  (Nematoda : Tylenchidae). 3. Nematol., 3 : 62-67. 

ANTONIO, H. & DALL AGNOL,  A.  (1983).  ReaçBo de genotipos 
de girassol  a  deras  espécies de nematbides  e  eficiência 
comparativa  de  três  métodos  de  avaliaçZo. Trab. apresent. 
VII Reun. Bras. Nenzatol. : 5-13. 

COOLEN,  W.  A. & D’HERDE,  C. J. (1972). A method for the 
quantitative extraction of nematodes from plant tissues. Mi- 
nistry of Agriculture,  Belgium,  77  p. 

DE GRISSE, A. T. (1969).  Redescription ou modifications de 
quelques  techniques  utilisées  dans  l’étude  des  nématodes 
phytoparasitaires. Meded.  Rijksfac.  LandbIVet. Gent, 34 : 
35 1-359. 

Revue Nématol. 12 (1) : 69-76 (1989) 

DE WAELE, D. & JORDAAN, E. M. (1988 a). Plant-parasitic 
nematodes  on  field  crops in South Africa.  1.  Maize. Revue 
Nématol., 11 : 65-74. 

DE WAELE,  D. & JORDAAN, E. M. (1988 b). Plant-parasitic 
nematodes  on  field  crops in South Africa.  2.  Sorghum. 
Revue Nématol., 11 : 203-212. 

DEMEURE, Y., FRECIWN, D. W. & VAN GUNDY, S. (1979 a). 
In vitro response  of four species  of  nematodes to desiccation 
and  discussion  of  this- and  related  phenomena. Revue 
Nérnatol., 2 : 203-210. 

DEMEURE, Y., FRECKMAN, D. W. & VAN  GUNDY, S. (1979 b). 
Anhydrobiotic  coiling of nematodes  in  soil. J.  Nematol., 11 : 

DICKERSON, O. J., DARLING, H. M. & GRIFFIN,  G.  (1964). 
Pathogenicity  and  population  trends of Pratylenchus pene- 
tram on potato  and  corn. Phytopathology, 54 : 317-322. 

FLEGG, J. J. M. (1967).  Extraction of Xiphinema and Longido- 
rus species  from  soil  by a modification of  Cobb’s decanting 
and  sieving  technique. Annls appl. Biol., 60 : 429-437. 

GREEN, V. E. Jr., GENUNG, G. W. & KILLINGER, G. B. (1978). 
Sunflower  in  Florida : History,  progress,  problems  and 
prospects. Proc. Soi1 Crop  Sci. Soc. Ra, 38 : 28-32. 

JACOBS, P. J. F. & HEYNS, J. (1982). Longidorus species from 
sugar  cane in Natal  (Nematoda : Longidoridae). Phytophy- 
lactica, 14 : 195-204. 

JENKINS,  W.  R.  (1964).  A  rapid  centrifugal-flotation  technique 
for  separating  nematodes  from  soil. Pl. Dis. Reptr, 48 : 

KAPLAN, D. T. & ROHDE,  R.  A.  (1976).  Effects  of  lesion- 
nematode  infection on leaf-water  vapour  loss  as  deterrnined 
by  diffusive  resistance. 3. Nernatol., 8 : 291  [Abstr.]. 

KAPLAN, D. T., ROHDE,  R.  A. & TATTAR, T. A.  (1976).  Leaf 
diffusive  resistance of sunflowers  infected by Pratylenchus 
penetrans. Phytopathology, 66 : 967-969. 

KEETCH, D. P. & BUCIZLEY, N. H. (1984).  A  check-list  of the 
plant-parasitic  nematodes of South  Africa. Techn. Comm. 
Dep.  Agric.  Repub. S. Afr. No. 195,  195,  213  p. 

KEETCH,  D. P. & HEYNS, J. (Eds)  (1982).  Nematology  in 
Southern  Africa. Sci. Bull.  Dep. Agric. Fish. Repub. S. Afr. 
No.  400,  170 p. 

KEYSERLING, M. L. & BERNARD, E. C.  (1980).  Suitability  of 
sunflower  for  reproduction of selected  plant-parasitic  nema- 
todes. j? Nenzatol., 12 : 228  [Abstr.]. 

KOEN, H. (1967).  Notes on the  host  range,  ecology  and 
population  dynamics  of Pratylenchus brachyurus. Nematolo- 
gica, 13 : 118-124. 

KOEN, H. (1969). Die  voorkorns  en  beheer  van  plant  parasi- 
tiese  aalwurms in Suid-Afrika. Dep. Agric. Techn. Seru. 
Repub. S. Afr. No. 35, 14  p. 

RICH, J. R.  (1979).  Pathogenicity  and  control  of two species  of 
Meloidogyne on  late  season  sunflower. Nematropica, 9 : 

RICH, J. R. & DUNN,  R.  A.  (1982).  Pathogenicity  and  control 
of nematodes  affecting  sunflower  in  North  Central  Florida. 
Pl. Dis.  Reptr, 66 ; 297-298. 

189-195. 

692-695. 

105-106  (Abstr.). 

13 



C. Bolton,  D. De Waele & G. C. Loots 

_I 

p 2500 

= 2000 - 

- 
W 

!z 
_I 

\ 1500 - 
(D 
W 

P 3 6 FI 
S A M P L I N G  DATE 

1 

SAMPLING DATE 

I f l 
1 25001  E F I E L D  5 

,O 2 O00 

P 3 6 FI  PM 
S A M P L I N G  DATE 

I I 8 O O C  F I E L D  7 80 

a 
O 
O 
-i 
(D 

SAMPLING  DATE 

I 
~ 1200 - 
O 
6-l 1000 
W 2 800  
-I > 600 
n 
O 400 
W 

L 

h 
2 0 0  

z 

P 3 6 FI  PM 
SAMPLING DATE 

I 

< 600 
(D 
W 

i- 
400 

I 2 0 0  
W 
z 

S A M P L I N G  DATE 

240 
m 
5 
D 

150 2 
O 
m 
Ln 

120 ;;; 
0 

a 
60 00 

2 
l 

P 3 6 FI  PM 
S A M P L I N G   D A T E  

I 

P 3 6 FI 
S AMPL I NG DATE 

Fig. 2 A-N. Seasonal  population  fluctuations of the predominant  plant-parasitic  nematodes  in the rhizosphere  and  roots of 
sunflower  plants in fourteen fields,  Transvaal  and  Highveld, South Africa. Numbers of nematodes 1 dm3  soil or 5 g roots. , 

Total  number of plant-parasitic  nematodes  in the soil ( -0 )  and  in the roots (- - - O ) ;  Paratn'chodoms  minor (m); ScuteZlonema 
brachyzrum (+); Pratylenchus  zeae (O); Pratylenchus  crenatus( x ); Meloidogyne spp. ( A )  and Rotylenchulusparvus (A); M = missing 
sample. 
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