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Abstract. Root-knot nematode (Meloidogyne hapla) juvenile population increased and
carrot (Daucus carota L.) yield progressively decreased during eight continuous carrot
crops grown over 37 months, When ‘Haifa’ and common white clovers (Trifolium repens
L.) were cropped for 29 months and plowed down, two succeeding carrot crops suffered
severe yield and quality losses and the juvenile nematode population in the soil in-
creased greatly. However, there were significantly fewer juveniles in the soil and sig-
nificantly higher yield and better quality of carrots when nematode-resistant ‘Nevada
Synthetic XX’ and ‘Nevada Synthetic YY" alfalfas (Medicago sativa L.) and continuous
cultivation preceeded the carrots.

Fallow cultivation and crop rotation with
resistant crops are recommended non-chem-
jcal methods for controlling root-knot nem-
atodes. Forage legumes are generally
considered to be especially desirable in ro-
tations or for usc as a green manure crop.
However, root-knot nemalode levels in the
soil have been shown to increase when al-
falfa and white clover were grown (2, 4, 6).
Several alfalfa cultivars and germplasm
sources that resist increases in oot-knot
?sema)tode population have been developed

» 8).

The objectives of this study were: 1) 1o
compare root-knot nematode juvenile popu-
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Fig. 1.

lations in the soil when fallow cultivation
and continuous cropping with a susceptible
crop and resistant and sensitive legumes were
grown for 29 months; and 2) to determine
the effects of such cropping systems on yields
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of carrots, a nematode-susceptible crop (3,
9), when it succeeded the legume cropping
experiment.

Experiments were conducted on a well-
drained volcanic ash Waimea silt loam soil
{medial, isothermic Typic Eutrandepts) at an
800-m clevation on the island of Hawaii.

Mean monthly air maxima ranged from 20°--

1o 24°C and mean monthly minima from 11°
to 15°. Average monthly rainfall was 47 mm;
some rain fell each month and only 3 months
had more than 100 mm of rainfall. Crops
were sprinkler-irrigated during dry periods.
Plant materials consisted of alfalfa, white
clover, and carrots. ‘Nevada Synthetic XX
Alfalfa’ (8) and ‘Nevada Synthetic YY Al-
falfa’ () were root-knot nematode-resistant;
*Washoe', a nemalode-susceplible alfalfa (7),
common while clover, ‘Haifa’ while clover,
a continuously cultivated fallow check, and
eight continuous crops of ‘Goldinhart’ car-
rots were the other treatments. From May
1982 through June 1984, the forages were
harvesied 18 times, after which the legumes
were plowed under. Following the plow-
down of the- forages, carrots were planted
and two conseculive malure carrol crops were
harvested from all of the legume and culli-
vated fallow plots during Aug. 1984 and Apr.
1985. The continuous carrot plois were

_maintained from Mar. 1982 through Apr.

1985. Alfalfa seeds were inoculated with
Rhizobium meliloti and the clover seeds with
Rhizobium trifolium. They were planted dur-

‘ing Feb. 1982 in rows 0.15 m apart at the

rate of 17 kg seed/ha. Plots were 1.5 % 6
m and were arranged in a randomized com-
plete block design with six replications.
Weeds were controlled by hocing.
Root-knot nematode juveniles extracted
from soil samples 0 to 0.2 m deep by a sugar
flotation technique (1) were identificd as
Meloidogyne hapla. Root-knot nematode ju-
venile populational levels remained low in
all alfalfa plots while alfalfa was growing,

I Isd 5%

May Nov. Apr.

HARVEST DATE

the continuous carrot plots.

Percentage (by weight) of markctable ‘Goldinhart® carrots during cight cropping periods in

n

~arere relane

BIISIIA ‘BLIPUEX3|Y “DDUNDS [BIMIADILOH JOJ AI21D0S uedLIWY Y1 JO uonedtignd v



Table 1. Number of Meloidogyne hapla juveniles per liter of soil at five sampling dates.

Sampling datc
Feb. Nov. May Apr. Apr.
Treatment 1982 1982 1983 1984 1985* LSO”
Juveniles/liter of soil”
Nev. Syn XX alfalfa” 10a 3b ‘3¢ 16 b 236 ¢ 205
Nev. Syn YY alfalfa” 23a 0b 3c 4b 510 ¢ 284
Washoe alfalfa” 16 a 10b 207 ¢ 50b 2,700 b 1200
Haifa white clover” 10a 163 ab 3900 a 9,800 a 16,200 a 5700
Common while clover* 16 a 267 a 3000 ab 14,200 a 16,600 a 6200
Continucus cultivation 13a 0b 16 ¢ 6b 76 ¢ 40
Continuous carrots® 3Na 107 ab 1100 be 220b 1,800 b 1200

sCarrots were harvested in Nov. 1984 and Apr. 1985.

yMean separation within row by Lsp a = 0.05. 5

*Mean separation within columns by Duncan’s multiple range test, 5% probability levcl.
vSeeded Feb. 1982; plowed under June 1984.

“Six crops of carrots were raised from May 1982 to May 1984.

Table 2. Effects of five legume crops grown for 29 months, continuous cultivation, and continuous carrot cropping on the marketable
fresh weight and percentage of total harvest weight of carrots harvested in Nov. 1984 and Apr. 198S5.

Marketable yield
_kgm! of row % of 1013l harvest

Treatment Nov. 1984 Apr. 1985 Nov. 1984 Apr. 1985
Nev. Syn XX alfalfa 258 2.2a 64 abc 63 a
Nev. Syn YY alfalfa 28a 23a 75a 63 a
Washoe alfalfa 2.2ab 1.6b 65 abe 48 b
"Haifa white clover 03¢ 1.0¢ 18d 39 be
Common white clover 1.0bc 04c 37cd 19d
Continuous cultivation 2.2ab 2.2a 70 ab 642
Continuous carrots 1.0bc 0.7¢ 4 bed B

*Mean separation within columns by Duncan’s multiple range test, 5% level.

but increased to about 10,000 and 14,000
juvenilesAtiter of soil in ‘Haifa’ and common
white clover plots, respectively, by 27 months
after planting (Table 1). Root-knot nematode
populational levels in the continuous carrot
plots also were much lower than in the ‘Haifa’
and common white clover plots after the first
six crops of carrots. The lower level of root-
knot nematode juveniles in the continuous
carrot plots was expected since carrots have
a less extensive root mass than clover and
there was a fallow period between crops.
Continuous cultivation also resulted in low
population levels of root-knot nematodes
throughout the trial.

After two crops of carrots had been har-
vested, root-knot nematode juvenile counts
in the continuous cultivation plots and plots
previously cropped with “Nev Syn XX’ and
‘Nev Syn YY’ alfalfas had increased, but
remained significantly lower than in either
of the clover plots or those that were contin-
uously in carrots. Juvenile population levels
were higher after the carrot crops following
susceptible ‘Washoe® alfalfa than afier the

resistant alfalfas. Juvenile populations in
‘Haifa’ and common white clover plots were
higher after both subsequent carrot crops.
Juvenile levels in the continuous carrot plots
increased by the final two carrot harvests,
but these levels were much lower than those
in the ‘Haifa’ and common while clover
treatments.

Symptoms of nematode infection in car-
tots included gall formation and branching
of the main taproot. Harvested carrots were
graded as unmarketable when the main tap-
root had more than one large gall or when it
branched. In the continuous carrot treatment,
the percentage of marketable carrots was high
for the first three crops (Fig. 1) when the
nematode count was low (Table 1), and de-
creased substantively in the final two har-
vests when the nematode population had
increased.

Marketable fresh weight and percentage of
marketable carrots were significantly higher
in the alfalfa and continuous culiivation plots
than in the continuous carrot and either white
clover plot, both of which had a high root-

Table 3. Forage yiclds of legume hay equivalent matcrial (15% moisture) from 18 harvests during

May 1982 to Junc 1984

Yield of 15% moisture hay

Cultivar {tha-")
Nev Syn XX alfalfa 94.6 a*
Nev Syn YY alfalfa 88.6 a
Washoe alfalfa 76.6 b
Haifa white clover 319¢
Common white clover 290¢

*Mean scparation by Duncan’s multiple range test, 5% level.
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knot nematode juvenile population (Table 2).
Carrot yield and quality was significantly
lower in plots from ‘Washoe® alfalfa in 1985
than those from the plots following ‘Nev Syn
XX’ and ‘Nev Syn YY" alfalfas. Trends ob-
served from the data suggest that the damage
threshold level for carrots lies between about
500 and 1800 juvenile nemalodes per liter of
soil.

‘Nev Syn XX’ and ‘Nev Syn YY"’ alfalfa
produced 16% to 23% more forage than
“‘Washoe’ alfalfa and yielded about three times
as much forage as the white clovers (Table
3).

Continuous vegetable production and sub-
sequent high nematode populations are prev-
alent in many tropical areas. Social and
economic circumsiances render prolonged
fallow cultivation to be an impractical root-
knot nematode control method. Environ-
mental pressures against currently used ne-
maticides are causing concern among
vegetable growers; thus, alternative control
measures are needed. We believe that high
forage-yielding, root-knot nematode-resis-
tant alfalfa germplasm planted in rotation with
vegetable crops offers great potential as an
altemative root-knot nematode contro! method
for tropical areas.
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