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Crop rotation measures for controlling phytoparasitic nem­
atodes aim to keep the population density of a certain species at low 
levels incapable of inflicting damage. This is achieved by growing 
non-susceptible crops in between the periods of growing susceptible 
crops. Thus, there is always a need to search for plants that could 
be used in rotation programmes and that are acceptable to growers. 
Chawla and Prasad (1973) and Khan et al. (1973) have shown that 
mono culture of some crops resulted in the build up of nematode 
populations, but proper crop rotation practices reduced the popu­
lations to safe levels. In all these studies the crop rotation trials 
were based on a 3-year rotation programme. Moreover, the crops 
included were mostly vegetables. In the present study the objective 
was to determine the effect of different cropping sequences, incorpo­
rating some non-vegetable crops spread over 5 years, on densities 
of plant nematode species naturally occurring in the Aligarh soils. 

Materials and methods 

Experimental plots, naturally infested with Hoplolaimus indicus 
Sher, Rotylenchulus reniformis Linford et Oliveira, Tylenchorhynchus 
bassicae Siddiqi, Tylenchus filiform is Butschli, Meloidogyne incognita 
(Kofoid et White) Chitwood and Trichodorus mirzai Siddiqi, were 
established in October 1970. The various cropping systems included 
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bengal gram (Cicer arietinum L.) cv. RS-6, broadbean (Vicia faba L.) 
cv. Local, brownhemp (Hibiscus cannabinus L.) cv. Punjab Special, 
clusterbean (Cyamopsis tetragonaloba Taub.) cv. Big-podded, castor 
(Ricinus communis L.) cv. Local, corn (Zea mays L.) cv. Ganga-s, 
cotton (Gossypium sp. L.) cv. Local, eggplant (Solanum melongena 
L.) cv. Pusa Purple Long, green gram (Phaseolus aureus Roxb.) cv. 
Local, kochia (Kochia scoparia Schrad.) cv. Local, kulfa (Portulaca 
oleracea L.) cv. Local, marigold (Tagetes erecta L.) cv. Cracker Jack, 
okra (Abelmoschus esculentus Moench.) cv. Pus a Sawani, tomato 
(Lycopersicon esculentum Mill.) cv. Marglobe and zinnia (Zinnia elegans 
Jacq.) cv. Brightness in different rotation patterns, up to October 1975 
(Table 1). Each experimental plot measured 10 x 1.5 metre. Ferti­
lizers at the rate of 100 Ibs of N per acre were given in two equal 
doses, and 50 Ibs each of P and K per acre in one single dose. Soil 
samples (20 cores - 2.0 x 20 cm) for nematode assays were collected 
and mixed thoroughly and a 200 g soil sub-sample was processed 
using Oostenbrink's elutriator and Baermann funnels (Southey, 1970). 

Results 

Results presented in table I show that the populations of M. 
incognita were increased in all the fields during the period October 
'70 to April '71 with tomato as the first (base) crop in all the cropping 
sequences. Corn, green gram, marigold and fallow considerably de­
creased the numbers of larvae. Growing tomato or eggplant fol­
lowing any of these crops did not greatly increase root-knot popu­
lations and broadbean and kochia suppressed populations. The num­
bers of larvae of root-knot were greatly increased when okra and 
brownhemp followed tomato. Of all the crops used in six different 
cropping sequences, brownhemp proved to be a very' good host' 
for M. incognita as the multiplication rate was very high (R = 6). 

The population of R. reniformis was low at the start of the 
experiment (20 nematodes/200 g soil). Growing tomato-corn-tomato 
in sequence I; tomato-okra-zinnia-tomato in sequence II; tomato­
brownhemp-tomato in sequence III; tomato-fallow-tomato, in se­
quence IV; tomato-marigold-tomato-fallow in sequence V did not 
increase numbers up to October '72. Thereafter, the populations 
increased to some extent in all the sequences where tomato, eggplant, 
marigold, green gram, castor, cotton and bengal gram were grown. 
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Table I - Effect of different cropping sequences on the population of plant 
parasitic nematodes. 

-----_.-- -- ----- -, - - ----._-"--------_._----------- .----

Population of nematodes per 200 g soil 

S.N. Crops Duration 

Hop I I Trh I I Mel I I Total I Rot Tyl Tri Sap 

I Initial population 60 ;!O 2GO HO 100 40 560 1600 

Tomato Oct '70-Apr '71 10 40 20 180 20 270 920 

Corn Apr '71-0ct '71 20 940 100 100 60 1220 H80 

Tomato Oct '71-Apr '72 30 30 60 5HOO 

Zinnia Apr '72-0ct '72 540 20 220 100 40 100 1020 1600 

Tomato Oct '72-Apr '73 ]20 100 60 60 100 60 500 ]320 

Marigold Apr '73-0ct '73 1)0 HO HO 20 20 20 280 800 

Broadbean Oct '73-Apr '74 20 100 120 160 20 420 2600 

Kochia Apr '74-0ct '74 120 100 20 240 680 

Bengal gram Oct '74-Apr '75 40 40 500 20 tiO 660 500 

Okra Apr '75-0ct '75 120 160 2HO 400 

II Initial population 60 20 260 80 100 40 f)60 1IlOO 

Tomato Oct '70-Apr '71 ]0 40 20 180 20 270 920 

Okra Apr '71-0ct '71 40 160 80 200 tiO 560 940 

Tomato Oct '71-Apr '72 240 40 260 540 1960 

Eggplant Apr '72-0ct '72 300 120 260 100 520 60 1360 1940 

Tomato Oct '72-Apr '73 140 20 180 160 520 120 1140 1760 

Okra Apr '73-0ct '73 240 320 220 100 6HO 20 15HO 740 

Broadbean Oct '73-Apr '74 40 140 260 60 20 520 1100 

Okra Apr '74-0ct '74 20 4u 100 100 260 560 

Bengal gram Oct '74-Apr '75 80 720 40 840 520 

Okra Apr '75-0ct '75 HO 40 40 80 240 400 

III Initial population 60 20 260 80 100 40 560 ]600 

Tomato Oct '70-Apr '71 10 40 20 180 20 270 920 

Brownhemp Apr '71-0ct '71 40 120 60 1080 40 ]340 1260 

Tomato Oct '71-Apr '72 20 120 ]00 20 260 1680 

Marigold Apr '72-0ct '72 40 200 60 60 20 380 1340 

Tomato Oct '72-Apr '73 40 160 80 80 20 380 1500 

Cotton Apr '73-0ct '73 160 260 280 ]HO 120 60 1060 760 

Broadbean Oct '73-Apr '74 80 1HO 80 100 440 400 
Green gram Apr '74-0ct '74 40 220 160 120 20 560 760 
Bengal gram Oct '74-Apr '75 100 340 20 40 500 640 
Okra Apr '75-0ct '75 80 80 160 240 

---.... __ . 
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(Contd. table 1J 
----- .. _------

Population of nematodes per 200 Ii; soil 

S.N. Crops 
Du_ra_ti_on ___ ~-_H_oP_-r;o~-l:::J~lMel I Tri I Total I sa~ 

IV Initial population 
Tomato Oct '70-Apr '71 
Fallow Apr '71-0ct '71 
Tomato Oct '71-Apr '72 
Kulfa Apr '72-0ct '72 
Tomato Oct '72-Apr '73 
Fallow Apr '73-0ct '73 
Broadbean Oct '73-Apr '74 
Zinnia Apr '74-0ct '74 
Bengal gram Oct '74-Apr '75 
Okra Apr '75-0ct '75 

V Initial population 
Tomato Oct '70-Apr '71 
Marigold Apr '71-0ct '71 
Tomato Oct '71-Apr '72 
Fallow Apr '72-0ct '72 
Tomato Oct '72-Apr '73 
Eggplant Apr '73-0ct '73 
Broadbean Oct '73-Apr '74 
Eggplant Apr '74-0ct '74 
Bengal gram Oct '74-Apr '75 
Okra Apr '75-0ct '75 

VI Initial population 
Tomato Oct '70-Apr '71 
Green gram Apr '71-0ct '71 
Tomato Oct '71-Apr '72 
Castor Apr '72 -Oct '72 
Tomato Oct '72-Apr '73 
Clusterbean Apr '73-0ct '73 
Broadbean Oct '73-Apr '74 
Clustcrbean Apr '74-0ct '74 
Bengal gram Oct '74-Apr '75 
Okra Apr '75-0ct '75 

60 
10 
SO 

140 
il60 
20 

ISO 
80 
20 
40 

2S0 

GO 
10 
tlO 

220 
140 
260 

40 
140 

40 
40 

20 

20 
20 

tiO 

260 
40 
80 
40 

680 
160 

60 
120 
2fO 

SO 

SO 
20 
20 
40 

100 

20 

tiO 
40 

20 260 80 
40 20 
SO 
80 20 

1(i() 20 
60 140 100 
tlO 200 140 
20 tiO 20 
SO 400 140 

G40 60 
HO 

GO 20 260 HO 
10 40 20 
60 1 GO 140 
20 40 GO 

300 140 100 40 
160 60 160 60 
160 GO 40 160 
420 60 120 60 

SO 60 SO 
60 60 440 220 
80 400 20 

.-_.-.. _---------._--_. --- ._-

100 40 
ISO 20 
20 20 
80 
60 2GO 
60 60 

20 

40 SO 

fl60 1600 
270 920 
220 tl20 
300 15GO 

14S0 1040 
320 1GOO 
200 fl80 
160 2tlO 
200 400 
4S0 5GO 
400 320 

100 40 560 1tiOO 
ISO 20 270 920 
20 SO 26u 14GO 
40 20 160 1520 
20 (iO 480 tl40 

100 40 'lHO lOGO 
SGO 20 l5GO 840 

140 l1S0 
240 1000 1220 
40 40 S20 420 

120 120 

lOO 40 
180 20 

20 20 

SO 20 
160 JOO 
1tlO 20 

20 
20 

20 

fl60 1GOO 
270 920 
400 1100 
120 9(;0 
680 8GO 
700 1360 
620 920 
G80 1100 
240 920 
800 1760 
flOO 360 

Hop = Hoplola~mus indicus, Rot = Rotylenchulus renitormis, Trh = Tylen­
c;horhynchus brasslcae, Tyl = Tylenchus filiform is, Mel = Meloidogyne incognita 
larvae, Tri = Trichodorus mirzai, Total = Total parasitic, Sap = Total saprozoic. 
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Table II - Host suitability to certain nematodes based on crop rotation trials. 

Crops 

Bengal gram 

Broadbean 

Brownhemp 

Clusterbean 

Castor 

Corn 

Cotton 

Eggplant 

Green gram 

Kochia 

Kulfa 

Marigold 

Okra 

Tomato 

Zinnia 

Host suitability to nematodes 

Hop Rot I Trh Tyl 

-----.~---~- -------

p 

P 

G 

p 

G 

G 

G 

G 

p 

G 
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G 
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G 
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G 

G 

G 

p 

P 

G 

p 

G 

p 

G 

G 

G 

p 

P 

G 

G 

G 

G 

p 

G 

p 

G 

G 

G 

p 

P 

G 

G 

p 

G 

G 

G 

G 

p 

G 

p 

G 

p 

G 

Mel 

G 

p 

G 

G 

G 

p 

G 

G 

p 

P 

G 

p 

G 

G 

p 

Tri 

p 

p 

p 

p 

p 

p 

p 

p 

p 

P 

G 

P 

P 

G 

G 

G = good host, P = poor host, Hop = Hoplolaimus indicus, Rot = Rotylen­
chulus reniform is, Trh = Tylenchorhynchus brassicae, Tyl = Tylenchus filifor­
mis, Mel = Meloidogyne incognita, Tri = Trichodorus mirzai. 

In sequence VI, however, green gram increased populations con­
siderably in October '71. Generally marigold and cotton proved to 
be very good hosts with multiplication rates of the nematode of 
10 and 6 respectively. 

T. brassicae was more abundant on corn, zinnia, broadbean, 
bengal gram, okra, tomato, eggplant, brownhemp, cotton, green gram 
and kulfa than on marigold and clusterbean. Numbers of T. bras­
sicae increased considerably on kulfa (R = 17) and bengal gram 
(R = 2-7). Tomato and okra favoured multiplication, but when grown 
following a highly susceptible crop, decreased numbers of T. bras­
sicae. At the end of the experiment there was a decline in the popu-
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lations as compared to the initial population in all the cropping 
sequences except in sequence VI. 

No cropping sequence was found effective in reducing the popu­
lation of H. indicus. Generally tomato, broadbean, clusterbean and 
marigold suppressed the population of nematodes. Populations de­
creased under bengal gram but increased when it was grown fol­
lowing okra. Zinnia, kochia, okra, eggplant, cotton and kulfa brought 
about considerable increases in the populations of H. indicus. Po­
pulations also increased under fallow but this was probably due to 
the presence of graminaceous weeds which were hosts for the ne­
matode. 

Populations of T. filiformis and T. mirzai at the end of the studies 
were below the detectable level in all the cropping sequences. Corn, 
zinnia, okra, eggplant, cotton, brownhemp, green gram, kulfa and 
clusterbean favoured the multiplication of T. filiformis but tomato, 
marigold, broadbean and fallow suppressed populations. Bengal gram 
following kochia, green gram and zinnia increased populations but 
following broadbean, okra, eggplant and clusterbean nematode num­
bers decreased. T. mirzai was abundant around zinnia and tomato 
following eggplant; kulfa following tomato; and tomato following 
castor. All the other crops suppressed the population of T. mirzai. 

Discussion and conclusion 

The results showed that all the cropping sequences tested de­
creased the populations of R. reniformis, M. incognita, T. filiform is 
and T. mirzai to almost undetectable levels by the end of the exper­
iment. The population of T. brassicae was also reduced considerably 
in all the sequences except in sequence VI where the numbers in­
creased. None of the cropping sequences reduced the population of 
H. indicus. 

These studies confirm the earlier findings (Oostenbrink et al., 
1957; Daulton and Curtis, 1963; Winoto-Suatmadji, 1969; Khan et al., 
1971; Cohn and Mordechai, 1974) that marigold is still the best crop 
to suppress the population of most of the phytonematodes. In these 
studies broadbean and kochia were also found to be very effective 
in reducing the population of almost all the nematodes studied here. 
Tomato and okra have been found to favour multiplication of T. 
brassicae (Siddiqi et al., 1972) but these crops when grown following 
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a highly susceptible crop, bring about reduction in population. This 
is because a highly susceptible crop with a high' ceiling level' leads 
to a considerable increase in nematode numbers and when such a 
crop is followed by a less susceptible crop with a low' ceiling level " 
the population is not maintained and nematode numbers fall. This 
is in agreement with findings of Jones (1956) and Seinhorst (1967). 
Broadbean and kochia have been found for the first time to be poor 
hosts for most of the nematodes studied here (Table II). Further­
more, these results confirm and extend previously reported results 
(Good, 1968; Khan et al., 1973, 1976; Nusbaum and Ferris, 1973; 
Chawla and Prasad, 1973). 
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SUMMARY 

The population densities of plant parasitic nematodes were influenced by 
different cropping sequences. All the cropping sequences tested brought about 
reductions in the populations of Rotylenchulus renitormis, Meloidogyne inco­
gnita, Tylenchus filitormis and Trichodorus mirzai to almost undetectable levels 
by the end of the experiment. This was also the case with Tylenchorhynchus 
brassicae except in one cropping sequence. None of the sequences reduced the 
population of Hoplolaimus indicus. Broadbean and kochia, in addition to mar­
igold, were found to suppress the population of most of the phytonematodes. 
Brownhemp, on the other hand, was found to be most susceptible to M. incognita. 

RIASSUNTO 

Influenza degli avvicendamenti di colture sulle popolazioni di nematodi fito­
parassiti nel terreno. 

I livelli di popolazione di nematodi fitoparassiti nel terreno sono stati in­
fluenzati da diverse sequenze di colture. Tutte Ie colture avvicendate hanno 
ridotto Ie popolazioni di Rotylenchulus renitormis, Meloidogyne incognita, Tylen­
chus filitormis e Trichodorus mirzai a livelli non determinabili, alIa fine del­
l'esperimento. Lo stesso effetto e stato ottenuto per Tylenchorhynchus brassicae, 
eccetto per un tipo di avvicendamento, mentre nessuna sequenza ha ridotto Ie 
densita di Hoplolaimus inaicus. 

- 71-



LITERATURE CITED 

CHAWLA M. L. and PRASAD S. K., 1973 - Multiple cropping and nematodes. I - Effects 
of fertility management and intensive rotations on nematode populations 
and crop yield. Indian 1. Nematol., 3: 34-49. 

COHN E. and MORDECHAT M., 1974 - Experiments in suppressing citrus nematode 
populations by use of a marigold and a predacious nematode. Nematol. 
mediI., 2: 43-53. 

DAULTON R. A. C. and CURTIS R. F., 1963 - The effect of Tagetes spp. on Meloido­
gyne javanica in Southern Rhodesia. Nematologica, 9: 357-362. 

GOOD J. M., 1968 - « Relation of plant parasitic nematodes to soil management 
practices ». In Tropical Nematology (Eds. G. C. Smart and V. G. Perry), Univ. 
Florida Press, Gainesville, 113-138. 

JONES F. G. W., 1956 - Soil population of beet eelworm (Heterodera schachtii 
Schm.) in relation to cropping. II. Microplot and field plot results. Ann. 
Appl. BioI., 44: 25-76. 

KHAN A. M., SAXENA S. K. and SIDDIQI Z. A., 1971 - Efficacy of Tagetes erecta in 
reducing root-infesting nematodes of tomato and okra. Indian Phytopath., 
24: 166-169. 

KHAN A. M., SIDDIQI Z. A., ALAM M. M. and SAXENA S. K., 1976 - Note on the effect 
of different cropping sequences on the population of plant parasitic nema­
todes. Indian 1. Agric. Sci., 46: 439-441. 

I<'HA!\i M. W., KHAN A. M., and SAXENA S. K., 1973 - Fungi and nematodes in vege­
table fields with different cropping patterns. Indian Phytopath., 26: 437-446. 

NUSBAUM C. J. and FERRIS H., 1973 - The role of cropping systems in nematode 
population management. Ann. Rev. Phytopath., 11: 423-440. 

OCSTEIiBP.INK M., KUIPER M. and S'JAcoB J. J., 1957 - Tagetes als Feindpt1anzen VO,l 

Pratylenchus Arten. Nematologica Suppl., 2: 424-433. 
SEINHORST J. W., 1967 - The relationship between population increase and popu­

lation density in plant parasitic nematodes. III. Definition of the term host, 
host status and resistance. IV. The influence of external conditions on the 
regulation of population density. Nerrzatologica, 13: 429-442. 

SfDDIQI Z. A., KHAN A. M. and SAXENA S. K., 1972 - Host range and varietal resist­
ance of certain crucifers against Tylenchorhynchus brassicae. Indian Phy­
topath., 25: 275-281. 

SOUTHEY J. F., 1970 - Laboratory methods for work with plant and soil nematodes. 
Tech. Bull. No.2, Min. Agr. Fish. Food, HMSO, London. 

WlNOTO-SUATMADJI R., 1969 - Studies on the effect of Tagetes spp. on plant para­
sitic nematodes, Veenman & Zonen N. V., Wageningen. 

Accepted for publication on 2 March 1977. 

-72-




