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Temperature is an important factor in determining the geograph-
ical distribution of root-knot nematodes (Meloidogyne spp.), perhaps
more 50 than plants or soil (De Guiran and Ritter, 1979, Ferris and
Van Gundy, 1979). Salinity is a problem in some marginal agricultural
land but has not been investigated on plant parasitic nemataode re-
production, egg hatching and invasion of roots. This work examines
the effect of salinity (salt type and concentration) on rate of reproduc-
tion of Meloidogyne incognita (Kofoid et White) Chitw. under dif-
ferent temperatures; and the effect of salinity on egg viability, egg
hatch and infectivity of juveniles.

Materials and Methods

A tomato cultivar, Hunts 2580, susceptible to root-knot nema-
tode (M. incognita) was used in these studies. Thirty-ive-day-old to-
mato seedlings were transplanted into 2 litres plastic containers filled
with blow sand (78% sand, 14% silt and 8% clay). The containers
were immersed in water in temperature tanks up to the soil line,
and maintained at 25, 30 or 35°C (Ferris et al., 1955). The seedlings
were grown for two weeks before the following salts and concentra-
tions were added: (i) sodium chloride {NaCl} solution at conductivity
of 0, 35 and 5.0 mmhos/cm; (ii) calcium chloride {CaCl;) solution
at conductivity of 0, 3.5 and 5.0 mmhos/cm; (iii) combination of so-
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dium chloride and calcium chioride at conductivity of 0, 35 and 5.0
mmhos/cm. Ten days after salinization, 800 freshly-hatched juveniles
of M. incognita were added to each container by inoculating them
around the root zone deep in the pot. Each treatment was replicated
16 times for every salt concentration and temperature.

A sample of four containers was taken from every salt type,
concentration and temperature, 7, 14, 21 and 28 days after inocula-
tion. Roots taken after seven days were processed {Edongali and
Ferris, 1980). The number of mature egg-laying females in the stained
roots were counted. The number of eggs per female was determined
by dividing the total eggs obtained by the number of fcmales,

To study the effect of salts on egg hatching, egg masses were
hand-picked from plant roots grown in CaCl-treated and untreated
soil at different temperature regimes. The effect of salt types and
concentration on egg hatching was studied artificially using minia-
ture sieves constructed from Nepon tubes {2 cm diameter, cut to .3
c¢m lengths) and 100 um copper mesh glued between the two sections.
The treatments were CaCl; and NaCl at conductivities of 0, 3.5 and
5.0 mmhos/cm. These were repeated for each temperature (25°C,
30*C and 35°C). Each treatment was replicated four times, with
each replicate containing five egg masses. Each sieve was placed in
a 3.5 cm diameter plastic petri plate and salt solutions and water
control were pipetted into the plates until the solution was slightly
above the level of the mesh, and completely immersed the egg masses.
The petri plates were covered and kept at 25 + 2°C. Egg hatch was
observed at 7-day intervals for 21 days. The sieves and egg masses
were transferred into fresh salt solutions or distilled water every

week. The hatched juveniles were inoculated to Hunts 2580 to test
for infectivity.

Results

Reproduction of M. incognita was affected by temperature va-
riation and salinity. At the lowest temperature (25°C), no egg pro-
duction was observed in either NaCl, CaCl; or combinations (Table 1),
two weeks (4,827 heat units) after inoculation, Few females had
matured at any salt concentrations. Three weeks (7,308 heat units)
later, morc females had developed and egg production had started.
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Table I - Effect of salinity and remperalure (25°C) on reproduction of M. incognita in Hunts 2580
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There was no significant difference between the numbers of females
in the treatments and control when NaCl was used as the salinizer.
The CaCl; treatments had significantly lower numbers of females than
the untreated control as did the combination treatments. Maximum
egg production was obtained after 9,744 heat units had accumulated.

At the intermediate temperature (30°C), females developed in
salt treatments after accumulation of 6,552 heat units, but there
were no significant differences between the treatments {Table II).
No egg production was observed at that period {6,552 heat units).
Production of eggs started at all salt treatments after accumulation
of 9,828 heat units. Numbers of eggs per female were significantly
higher in the control treatments than in treated soils. After 13,104
heat units (4 weeks), egg production per female was significantly
higher in the control treatment than in salt treatments.

Two weeks (8,232 heat units) after inoculation at 35°C, many
females were observed but there were few eggs (Table IIT). Egg
production increased with time and decreased at higher salt con-
centrations regardless of the type of salt. The highest egg production
was after 16,464 heat units {4 weeks), when a new generation of
juveniles was observed penetrating the root system.

Hatching of egg masses obtained from plants grown at different
temperatures (25, 30 and 35°C) decreased with time and increased
as the salt concentration decreased (Tables IV, V and VI).

Hatching of egg masses was higher on plants grown at 30°C
(Table V) than at the other temperatures tested. The lowest hatch
was at an EC. of 0.5 mmhos/cm with both salts at all temperatures
tested. Infectivity of juveniles from tomato seedlings decreased with
time. A higher hatch, and lower infectivity was obtained in the control.
Presence of salt slowed hatching and resulted in higher infectivity.
Maximum infectivity was obtained by NaCl treated juveniles from
all egg sources i.e. eggs produced in plants grown at the three tem-
peratures.

Conclusions

Godfrey and Oliveira (1932) found that the time from initial
inoculation to the first egg development was 19 days in cowpea at
27°C. Few females were found producing eggs after two weeks at
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Table II - Effect of salinity and temperature (30°C) on reproduction of M. incognita in Hunts 2580 tomato.

| Sampling time (weeks)

Treatinent 2 weeks | 3 weeks 4 weeks
(EC_ mmhasicm) Total No, Total No. Total No.
e ~ S
3 ‘ Eggs 1 Eggsi @ ¢ | Eggs ‘ Eggs; @ 3 ‘ Eggs ‘ Eggs: @
NaC! (1)
Control AT n — — 189 a 72,930 a 391 a 175a 230,720a 18182
3.5 40 n — — 230 b 103,800 b 473 b 170 a 849720 b 2,057 b
5.0 — — — — — — - — —
CaCl,
Control a0 a — — 19a 40,890 ¢ 228 ¢ 277 b 234900 b 1,067 b
ER 40 a — — 182 a 22,810 b 155 b 221 ab 145,800 a 660 a
5.0 28a — — 193 a 11,700 a G0a 182 a 130,200 a 7i0a
Cambinations
Control Ma — - 291 b 29,800 1 102 a 206 b 273500 b 861 b
a5 4Ta — -— 180 a 14,700 a 81 a 176 a 133.860a 761 ab
5.0 Na — — 150 a 11,900 a Ba 151 a 123,790 a 648 a

* Plants died.

(') In cach column within a treatment, averages sharing the. same lctter do not differ significantly (P = 0.05).
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Table IV - Effect of salt treatments on egg hatching and juvenile infectivity to
Hunts 2580 tomato seedlings with egg masses obtained from tomato
plants grown in NaCl treated seoil at 25°C,

No. juveniles halched % inlectivity
T, (e (wesks
R

NaCl (h

3.6 400 b 643 d 164 ¢ 256 b Tab 12 ¢

b.O 961 ¢ 200 b 115 b 24 b 10 b 9 be
CaCl,

3.5 706 d 475 ¢ 154 ¢ 25 b 9 be o b

5.0 122 a bh a 123 b 16 a 5 ab Th

Control 1422 e 1395 e 48 a 15 a 3 1.2a

1) In eaB:l[l)Scolumn averages sharing the same letter, do not differ significantly
(P = 0.05).

Table V - Effect of salt treaiments on egg hatching and juvenile infectivity of
Hunts 2580 fomato seedlings with egg masses obtained from tomato
plants grown in NaCl treated sofl at 30°C.

No. juveniles hatched . % iufectivity
(;Eaeﬁ;:'f élrxt]) B (weeks) - (weeks)
R

NaCl (1)

3.6 202 b 605 d 130 ¢ 35 ¢ i0 a 9h

5.0 116 a 106 b 92 b 13 a 5 a 17b
CaCl;

35 282 b 385 ¢ 98 a 26 b 33 Db Ta

5,0 126 & 61 a 63 a 13 a B oa 13 ab

Control 1063 ¢ 866 d 66 a 29 b T.6a 25a

(") In each column averages sharing the samc letter, do not differ significantly
(P = 0.05).
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Table VI - Effect of salinity on egg hatching and infectivity of M. incognita to
Hunis 2580 tomaio seedlings, wilh egg masses obtatned from tomato
planis inn NaCl treated soif at 35°C.

No. fuveniles hatched ‘ % infectivity

o, (e
3 ' 2 | 3 l 1 2 ’ 3
- |
NaCl (1}
3.5 120 b 510 ¢ 90 b 40 b 26 h 0.3a
5.0 150 b 100 a 92 b 10a 8a 0.03a
CCICI)_
3.5 66 a 130 a 40 a 12a 104 004a
3.0 ba 210 b 36a Ga 8a 0.la
Control 500 ¢ 560 ¢ 80 b 37 D 20 b 40 b

) (IFI;I eachscolumn averages sharing the same letter, do not differ significantly
= 0.05).

a higher temperature (35°C). Tvler (1933) stated that the minimum
time required for the life cycle of the root-knot nematode from
juvenile to juveniles in tomato was 25 days at 27°C. In the studies
reported (Tables I, T and III) at least 21 days were required before
any egg production was observed. The effect of salinity and tempe-
rature induced stress in the plant growth, resulting in less root growth.
At 35°C roots were small and confined to the top soil region of the
pots.

The optimum temperature for plant growth is also optimum for
the parasite. The plants grew better at 30°C than 35°C or 25°C,
which is in agreement with Van Gundy (1976). The overall total egg
production was higher at 30°C than any other temperature tested.
Salts restricted plant growth at a higher temperature (35 °C).

Juveniles can exist longer than eggs in soils without a host at
a lower moisture (Wallace, 1966). Dropkin et al. (1958) found that
an increase in osmotic pressure of soil solution results in reduction
of egg hatch. In these studies, egg hatch dccreased as salinity in-
creased, and declined with time. Infectivity of the hatched juveniles
showed the same trend, indicating that the survival of hatched larvae
when exposed to salt is very limited even in the presence of a host.
The source of eggs is very importani. Eggs produced in plants grown
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at high temperatures might be less viable due to lower hatch. At 35°C
few eggs were hatched, and infectivity declined.

In conclusion, the optimum temperature for Meloidogyne inco-
grita reproduction is about 30°C. Presence of salinity in the soil
slows development and reduces the number of eggs produced per
female. Eggs produced by females in plants grown at 30°C produced
more juveniles that penetrated plants better than from eggs produced
at 25 or 35°C. A more detailed study on the rate of reproduction in
salty marginal lands is necessary for better understanding of the
impact of these conditions on survival of the nematodes under field
conditions.

SUMMARY

Seedlings of the tomato cultivar Hunts 2580, susceptible to root-knot nema-
tode (Meloidogyne incognita), were transplanted into 2 1 plastic containers
filled with blow sand which then were immersed in water in temperature
tanks maintained at 25, 30 or 35°C. Salt solutions of either NaCl, CaCl; or
combination, were added two wecks after transplanting to produce a conduc-
tivity of 0, 3.5 and 30 mmhos/cm. Eight-bundred juveniles were added ten
days after transplanting to each pot. A sample of four containers were taken
7, 14, 21, and 28 days after inoculation. The roots were stained to determine
the number of females and egg production. Egg hatching was studied using
miniature sieves constructed from Nepon tubes. The egg masses were placed
in the sieves and immersed in NaCl, or CaCl, solutions at conductivity of 3.5
and 50 mmhos/cm. Tomatoes grew better at 30°C than any other temperature
tested and this was also the optimum temperature for the parasite. Salts
restricted plant growth at higher tempcrature (35°C), where roots are small,
and confined to the top soil region of the pots. Egg hatching decreased as salinity
increased and declined with time. Infectivity of the hatched juveniles showed
the same trend, indicating that survival of hatched juveniles when exposed to
salt is very limited even in the presence of a host. Eggs produced in plants
grown at high temperatures might be less viable due to lower hatch; at the
highest temperature (35°C), less eggs were hatched, and infectivity declined.
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