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Abstract: Root knot nematodes are responsible for tremendous amount of crop loss
in Cucurbits. Hence, pot culture experiments were conducted under greenhouse
conditions to study the effect of population density on the pathogenic potential of
M. incognita in Lageneria ciceraria, Cucumis sativa, Momordica charantia and
Cucurbita pepo. The 10, 100 and 1000 second stage juveniles (1.2) were inoculated
into the rhizosphere of 15 day old seedlings and percent changes in the growth
parameters of infected plants vis-avis control recorded manually, after 30 and
60 days along with the number of root galls and final nematode population extracted
from roots and soil. Estimation of RGS and rate of reproduction was calculated by
standard methods from the data obtained. Statistical significance of the means was
analyzed by ANOVA using Ms Office Excel. All the four cucurbits were found to
be highly or moderately susceptible to infection with M. incognita and population
growth of the nematode was found to be a determining factor in the pathogenesis
of the infection. A general response was a disturbance in the plant growth pattern
due to hmitation in water and nutrient translocation from infected roots to
above-ground plant tissues. An inverse relationship was found to exist between
population density, population growth and severity of root galls. The on set of
galls has been considered to be a protective measure of the plant for restriction of
parasitic movement and maintenance of stable parasite population. The root knot
nematodes have been considered to use both r and k strategies for their efficient
swvival and perpetuation of species depending on inter and intra-specific
competition prevailing.

Key words: Pathogenic potential, population growth, Meloidogyne incognita,
Cucurbitaceae

INTRODUCTION

Humans depend on healthy vegetable crops as a reliable source of food. Excellent
quality vegetables are thus in great demand, whether sold locally, regionally or shipped
internationally. Diseases of vegetables compromise such quality and are therefore of great
umportance to the producer, exporter and consumer of the vegetable industry. Cucurbits are
an 1mportant part of a diverse nutritious diet worldwide and are susceptible to over
200 diseases (Zitter et al., 1996, McGrath, 2004). Root-knot nematodes (Meloidogyne sp.) are

Corresponding Author: Aditi Niyogi Poddar, Parasitology Laboratory,
School of Studies in Life Sciences, Pt. Ravishankar Shukla University,
Raipur (CG) 492010, India
1



Asian J. Plant Pathol., 4 ( 1) 1-15, 2010

one of the most economically important group of plant-parasitic nematodes attacking nearly
every crop grown and have been reported to cause an annual loss of Rs. 547.5 million in
Cucurbits (Jain et al, 2007). Thewr worldwide distribution, extensive host ranges and
mteraction with other plant pathogens in disease complexes rank them among the major plant
pathogens in the world food supply. The major symptom associated with nematode attacle,
is the presence of root galls resulting in poor growth, a decline in quality and yield of the
crop and reduced stress resistance, leading subsequently to total crop loss. Additional
losses to the grower are caused by mability of the nematode damaged roots to utilize water
and fertilizers effectively. The degree of damage done depends upon the population density
of the nematode, taxa present, susceptibility of the crop and environmental conditions, such
as fertility, moisture and presence of other pathogenic organisms, which may interact with
nematodes. Hence, understanding these parameters serves a vital role mn development of
effective control mechanisms (Barker and Olthof, 1976).

The relation between population density and pathogenicity of root knot nematodes in
vegetable crops has been studied by several workers, viz., Gergon et al. (2002) in Yellow
Granex Onion, D1 Vito et al. (2004) in Spinach, Kumar and Pathalk (2005) in Lettuce and
Vovlas et al. (2008) in Celery and Parveen ef al. (2006) in Japanese mint. Studies done on
Cucurbits, include- Giri Babu ez al. (2008) in Ridge Gourd and Sponge Gourd. The present
study, describes the relationship between population density and pathogenic potential of
the Root Knot Nematode (Meloidogyne incognita) m 4 species of cucurbits, wviz,
Lageneria ciceraria (Bottle Gourd), Cucumis sativa (Cucumber), Momordica charantia
(Bitter gourd) and Cucurbita pepo (Pumpkin).

MATERIALS AND METHODS

Samples of roots bearing galls along with their rhizospheric soil were collected under
field conditions from various farmlands of the state of Chhattisgarh (India) using standard
sampling methods and brought to the Parasitology laboratory of the School of Life sciences
in polythene bags. Tsolation of the root knot nematodes was done by Cobb’s Sieving and
decanting method and modified Baermann funnel technicque (Southey, 1986). The Root knot
nematode Meloidogyne incognita was 1dentified microscopically by examining the perineal
pattemn of females. Pure cultures of M. incognita were maintained in Tomato var. Pusa Ruby
until further use.

A pot culture experiment from December 2008 to February 2009 was conducted in
the campus of SOS in Life science under greenhouse conditions to study the effect of
population density on the pathogenic potential of M. incognita on four species of
vegetable plants, namely, Lageneria ciceraria (Bottle Gourd), Cucumis sativa (Cucumber),
Momordica charantia (Bitter Gourd) and Cucurbita pepo (Pumpkin), all belonging to the
family Cucurbitaceae. Seeds of the aforementioned plants were surface sterilized with
0.1% HgCl, solution and washed three times with sterile water After storage under moisture
for two days they were then sown singly in disposable glasses containing coco pit powder
and after a week, transferred into 10 cm earthen pots holding 500 g sterilized soil and
farmyard manure (3:1). Iritial larval populations (P1) comprising of 10, 100 and 1000 freshly
hatched second stage juveniles (L2) were inoculated per pot inte the rhizosphere of 15 day
old seedlings at a depth of 3 cm. Six replicates of each treatment were taken along with
control. Regular watering of the plants was done until harvest.

Thirty days after inoculation of nematode, three replicates of each treatment and three
from control plants were carefully uprooted and washed for adhering soil. Percent changes
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in the growth parameters of infected plants vis-avis control were measured manually in terms
of - length, fresh and dry weight of shoots as well as roots. Root mfection by the nematode
was assessed by counting the number of root galls in each plant and estimation of the Root
Gall Severity (RGS) ona 0-3 scale: 0, no galls; 1, one to five galls; 2, six to twenty small galls;
3, more than twenty galls homogenously distributed m the root system; 4, reduced and
deformed root system with some large galls and 5, completely deformed root system with few
but large galls (Di Vito et al, 1979). Eggs and 125 in the egg masses in roots and soils were
extracted by the Cobb’s sieving and decantation method and Baerman’s fimnel technique.
The final population density (Pf) was calculated as the total number of nematodes extracted
from roots and soil after 60 days. The Rate of Reproduction (Rf) of the nematode in the
different plants was calculated as the ratio of final nematede population to initial nematode
population. Statistical significance of the means was analyzed by ANOVA using Ms Office
Excel.

RESULTS

Studies done on the effect of population density of the root knot nematode
(Meloidogyne incognita) on the four species of Cucurbits reveal the following features.

Plant Growth Parameters [Shoot and Root (Length, Dry and Fresh Weight)]
Lageneria ciceraria

Mean values are shown in Table 1 and percent changes in Table 5, Fig. la-d. All
changes were sigmficant at F = 3.99; p<0.01.

Figure 1a shows aninitial % decline (36, 18, 40) in P10, (9, 28, 22) in P100 and (7, 2.5, 23)
in P1000 in all shoot growth parameters (respectively, length, fresh and dry weight).

Figure 1b shows a 15% decline in shoot length with no change in fresh weight, but 12%
hike in dryweight in P10. P100 on the other hand, shows 19% hike in shoot length, but 23%
decline in shoot fresh and dry weight. P1000 shows similar hike(19%) in SL. with similar
decline in freshweight (18%), but 35% hike in shoot dry weight, n the second month of
infection.

Figure 1¢ shows % augmentation (34, 36), respectively in root length and fresh weight,
but 40% decline in root dry weight in P10, accompanied by a % hike (13) in root length and
% decline (31, 60) in root fresh and dry weight in P100 and no change in root length, but 24,
60% decline in root fresh and dry weight in P1000, in the first month of infection.

Figure 1d shows root length to be declined by 18% along with a 22% hike in root fresh
welght and no change in root dry weight in P10. In P100 root growth declined by 8, 31 and
30%, respectively for length, fresh and dry weight. P1000 showed a % decline of 17, 31, 10
in root growth parameters.

Table 1: Effect of population density on growth of LZageneria ciceraria (Mean values)
SL (cm) SFW (2) SDW (g) RL (cm) RFW (2) RDW (g)

INP _ 30days 60days 30days 60days 30days 60days 30days 60days 30 days 60days 30days 60 days
PO 161.00 20533 15.79 26.17 146 244 15.67 20.67 0.79 1.34 0.05 0.10
SD 6.56 44.74 2.40 1526 0.21 1.52 5.13 15.63 012 0.75 SE-18 0.07
P10 10333 174.67 1297 2597 087 273 21.00 2433 1.0 1.64 0.03 0.10
SD 3213 97.70 5.44 1.29 045 0.83 1.00 20.55 0.29 1.35 0.02 0.09
P100 14600 233.67 12.64 2025 1.13 1.88 17.67 2733 054 0.92 0.021 0.08
SD 65.50 17.56 8.39 596 1.02 0.57 6.11 7.64 037 0.40 0.02 0.03
P1000 150.00 233.67 13.31 21.71 113 329 1567 24.67 0.59 0.94 0.03 0.10
SD 19.08 13.05 2.35 11.04  0.23 213 1.53 15.04 010 0.78 0.02 0.09
SL: Shoot length (cm), SFW: Shoot fresh weight (), SDW: Shoot dry weight (g), RL: Root length (cm), RFW: Root
fresh weight (g), RDW: Root dry weight (g) and Pi: Initial nematode population
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Fig. 1: (a) Effect of population density of RKIN on % shoot growth of Lageneria ciceraria
(30 days), (b) effect of population density of RKN on % shoot growth of
Lageneria ciceraria (60 days), (¢) effect of population density of RKN on % root
growth of Lageneria ciceraria (30 days) and (d) effect of population density of RKIN
on % root growth of Lageneria ciceraria (60 days)

Table 2: Effect of population density on growth of Cucumis sativa (Mean values)

SL (crm) SFW () SDW (g) RL (em) RFW (g) RDW (g)
INP  30days o60days 30days 60davs 30days 60days 30days 60days 30 dayvs 60days 30days 60 days
PO 7.00 3167 4.71 594 080 0.53 4.67 20.00 0.57 0.53 0.02 0.05
SD 1.00 850 1.45 1.68 097 0lé 0.29 1.00 017 0.07 0.02 0.01
P10 7.83 48.33 6.33 768 046 0.90 4.50 14.67 0.56 046 0.03 0.05
SD 4.25 7.64 346 232 028 013 0.50 4.51 032 0.04 0.01 0.03
P100  27.33 3533 T.07 4.52  0.57 048 11.67 15.67 0.68 0.29 0.04 0.04
SD 4.62 5.03 2.78 229 024 022 2.08 929 022 0.11 0.02 0.02

P1000 1550 19.67 7.50 10.18 0.65 1.06 6.17 18.67 1.00 0.66 0.07 0.10
SE 10.90 6.66 2.65 240  0.25 0.23 2.25 5.03 046 0.05 0.03 0.02
SL: Shoot length (cm), SFW: Shoot fresh weight (), SDW: Shoot dry weight (g), RL: Root length (cm), RFW: Root
fresh weight (), RDW: Root dry weight () and Pi: Initial nematode population

Cucumis sativa

Mean values are shown in Table 2 and percent changes in Table 5, Fig. 2a-d. All
changes were sigmficant at F = 16. 63; p<0. 001.

Figure 2a shows a % hike of 12, 34 in shoot length and fresh weight, but decline of 43%
in dry weight in P10; tremendous % hike 290, 50 in shoot length and fresh weight but 30%
decline in dry weight in P100 and 121, 59% hike in shoot length and fresh weight and 19%
decline in dry weight in P1000.

Figure 2b shows a % hike of 53, 29, 70 n P10,12% hike i SL but 24, 11% decline 1 shoot
weight in P100 and 38% decline in SL but, 71 and 98% hike in shoot weight in P1000.

Figure 2¢ shows negligible decline in RI. and RFW but 50% hike in dry weight in P10;
tremendous % hike 148, 20, 100% i P100 and 32, 77, 200% hike in P1000.

Figure 2d shows 27, 15, 25% decline in root growth m P10, 12, 47% decline in root length
and fresh weight, with no change in dry weight in P100 and 7, % decline in R1., but 23 and
150% hike in root weight in P1000.
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Fig. 2: (a) Effect of population density of RKN on % shoot growth of Cucumis sativa
(30 days), (b) effect of population density of RKN on % shoot growth of
Cucumis sativa (60 days), (c) effect of population density of RKN on % root growth
of Cucumis sativa (30 days) and (d) effect of population density of RKIN on % root
growth of Cucumis sativa (60 days)

Table 3: Effect of population density on growth of AMomordica charantia (Mean values)
SL (crm) SFW () SDW (g) RL (em) RFW (g) RDW (g)

INP  30days o60days 30days 60davs 30days 60days 30days 60days 30 dayvs 60days 30days 60 days
PO 169.67 18867 11.13 872 1.21 1.26  29.00 20.00 1.38 0.68 0.11 0.08
SD 24.95 5.51 1.36 251 0.30 037 3.61 8.19 036 0.48 0.01 0.05
P10 7633  220.00 9.34 1530 1.02 217 11.33 18.00 085 0.86 0.06 0.09
SD 83.10 40.93 9.79 585 0.8 0.94 7.09 9.00 071 0.42 0.05 0.06
P100 17500 253.67 12.81 1225 1.51 1.74  19.00 21.33 0.89 0.80 0.06 0.10
SD 11.14 252 0.54 225 0.04 0.22 6.56 1.53 035 0.48 0.01 0.03
P1000 21933 214.00 14.86 1596 1.95 246 13.00 9.17 226 1.15 0.17 0.18
SD 10.12 25.94 4.39 209 0.65 014 2.00 0.58 1.68 0.34 0.12 0.05
SL: Shoot length (cm), SFW: Shoot fresh weight (), SDW: Shoot dry weight (g), RL: Root length (cm), RFW: Root
fresh weight (), RDW: Root dry weight () and Pi: Initial nematode population

Momordica charantia

Mean values are shown in Table 3 and percent changes in Table 5, Fig. 3a-d. All
changes were sigmficant at F = 5. 31, p= 0. 001.

Figure 3a shows significant % decline (55) m shoot length, but no change in fresh
weight and 15% decline in shoot weight in P10;negligible % hike (3) in SL. and moderate %
hike in shoot weight (15, 25) in P100 and 29, 3, 61% hike in P1000.

Figure 3b shows 16, 75, 72% hike in shoot growth i P10;34, 40, 39 % hike n P100 and
13, 83, 95% hike in P1000.

Figure 3¢ shows 60, 39, 42% decline in root growth in P10; 35, 35, 45% decline in P100
and 56% decline in RT. but 64, 51% hike in root weight in P1000.

Figure 3d shows % decline (10) in RL, but 25, 12% hike m root weight in P10; negligible
hike in (6, 16) 1 root length and fresh weight but significant hike (87%) mn dry weight in
P100 and significant %decline (534) in R1. with significant %o hike (67, 125) in root weight in
P1000.
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Fig. 3: (a) Effect of population density of RKN on % shoot growth of Momordica charantia
(30 days), (b) effect of population density of RKN on % shoot growth of
Momordica charantia (60 days), (¢) effect of population density of RKN on % root
growth of Momordica charantia (30 days) and (d) effect of population density of
RKN on % root growth of Momordica charantia (60 days)

Table 4: Effect of population density on growth of Cucurbita pepe (Mean values)
SL (em) SFW (2) SDW (g) RL (cm) RFW (g) RDW (g)

INP__ 30days 60days 30days 60days 30days 60days 30days 60days 30 days 60 days 30 days 60 days
PO 1400 6333 1247 1348 098 1.55 10.83 36.00  1.09 1.1 0.21 0.13
SD 1.73 2810 316 6.66 0.23 0.66 8.84 17.78 018 053 013 0.08
P10 5133 5200 1855 1324 116 1.36 7.00 30,67 1.54 117 0.07 0.14
SD 1804 1967 1012 415 0.5 046 1.73 8.62 071 048 004 0.10
P100 4383 8200 912 21.75  0.60 2.22 6.17  33.67 055 1.73  0.02 0.20
SD 732 3606 256 837 0.25 048 5.06 8.62 015 020 002 0.03
P1000 2500 5400 11.73 17.96 1.4 200 19.00  21.33 133 249 010 0.25
SD 1044  14.00  2.37 7.07  0.17 0.50 2.65 3.06 010 1.0 0.01 0.11
SL: Shoot length (cm), SFW: Shoot fresh weight (), SDW: Shoot diy weight (), RT.: Root length (crm), RFW: Root
fresh weight (g), RDW: Root dry weight (g) and Pi: Initial nematode population

Cucurbita pepo

Mean values are shown in Table 4 and percent changes in Table 5, Fig. 4a-d. All
changes were sigmficant at 7.22; p<0. 001

Figure 4a shows tremendous % hike in shoot length (267) and moderate 49, 18% hike
mn shoot weight in P10; a significant 213% hike i1 SL but moderate 27, 39% decline mn shoot
welght in P100 and significant 78% hike 1 SL with negligible change mn shoot weight in
P1000.

Figure 4b shows 18, 2, 12% decline in shoot growth in P10, moderate 29, 61, 28% hike
in P100 and 15% decline but 33, 28% hike in shoot weight in P1000.

Figure 4c shows 33% decline in root length but significant 42% hike in fresh weight and
72% decline mn root dry weight n P10;44, 50, 89% sigmficant decline in root growth mn P100
and significant 75% decline in RL, but moderate 22% hike in fresh weight and sigmficant 53%
decline m root dry weight in P1000.

Figure 4d shows 15% decline in RI. and negligible % hike in root weight in P10; Similar
changes (13% decline) in root length and significant 57, 58% hike in root weight in P100 and
40% decline in root length but significant 125, 98% hike in root weight in P1000.
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Table 5: Effect of initial population density of AL incognita on percent changes in plant growth parameters in 4 species

of Cucurbits

Host plant Days Pi SL SFW SDW RL RFW RDW
I. ciceraria 30 10 -35.82 -17.90 -40.00 +34.10 +35.90 -40.00
100 -0.32 -20.00 -22.10 +12.77 -30.77 -60.00
1000 -6.83 -15.80 -22.80 NC -24.36 -60.00

60 10 -14.94 -0.76 +11.89 -17.97 +22.39 NC
100 +18.67 -22.60 -23.40 -7.86 -31.34 -30.00
1000 +18.67 -17.00 +34.84 -16.86 -31.34 -10.00
C. sativa 30 10 +11.86 +34.40 -42.50 -3.43 NC +50.00
100 +290.43 +50.10 -30.00 +148.90 +19.64 +100.00
1000 +121.42 +59.20 -18.80 +32.19 +76.79 +200.00

60 10 +52.65 +29.10 +69.81 -26.70 -15.09 +25

100 +11.59 -23.90 -11.30 -21.70 -AT717 NC
1000 -37.90 +71.40 +98.11 -6.70 +22.64 +150.00
M charantia 30 10 -55.01 -0.29 -15.40 -60.91 -3849 -41.81
100 +3.14 +15.10 +25.07 -34.48 -35.34 -45.45
1000 +29.27 +33.40 +61.16 -55.17 +64.16 +50.90
60 10 +l6.61 +75.50 +72.41 -10.00 -25.36 +12.50
100 +34.45 +40.40 +38.72 +6.67 -16.09 +87.50
1000 +13.42 +83.10 +95.49 -54.17 +67.80 +125.00
C. pepo 30 10 +266.67 +48.70 +18.37 -35.36 +41.59 -71.43
100 +213.10 -26.90 -38.80 -43.12 -49.54 -90.48
1000 +78.57 +5.93 +6.12 +75.44 +21.71 -52.38
60 10 -17.89 -1.85 -12.30 -14.83 +6.36 +7.94
100 +29.48 +61.40 +42.58 -14.83 +57.27 +58.73
1000 -14.74 +33.20 +28.39 -40.75 +125.50 +98.41

Pi: Initial nematode population, Plant growth parameters in % change. (Increase = +; Decrease = -; NC = No change;
SL.: Shoat length, SFW: Shoot fiesh weight, SDW: Shoot diy weight, RT.: Roat length, RFW: Root fresh weight and
RDW: Root dry weight)
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Fig. 4: (a) Effect of population density of RKN on % shoot growth of Cucurbita pepo
(30 days), (b) effect of population density of RKN on % shoot growth of
Cucurbita pepo (60 days), (¢) effect of population density of RKN on % root growth
of Cucurbita pepo (30 days) and (d) effect of population density of RKN on % root
growth of Cucurbita pepo (60 days)

A comparative account on the effect of population density on percent changes in shoot
and root growth parameters in 30 and 60 days, of all the four species of Cucurbits is shown
in Fig. 5a-1.
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Fig. 5: Population density of RKN and % shoot growth in 4 species of Cucurbits; (a-f) shoot
length, fresh weight and diy weight (30 and 60 days). Population density of RKN and
% root growth in 4 species of Cucurbits; (g-I) root length, fresh weight and dry
weight (30 and 60 days)

In the first month of infection, among the four species of Cucurbits maximum % decline
mn shoot length 1s shown in L. cicereria (35%) and M. charantia (55%)1n P10, C. sativa
(12,290, 121) and C. pepo (267, 213, 79) respond by % increase in shoot length inall
3 population densities (Fig. 5a).

In the second month of infection, % hike is greater (53%) in P10, but % decline
greatest (38%) m P1000 m C. sativa followed by 18 and 15%. decline in P10 and P1000 in
C. pepo (Fig. 5b).

Maximum % decline in shoot fresh weight is shown in L. cicereria (28%) and C. pepo
(27%) in P100 in the first month of infection. Cuctimis sativa responds by (34, 50, 59) % hike
mn all 3 population densities (Fig. 5c¢).

Maximum % decline in shoot fresh weight is shown in L. cicereria (23, 17 %) in P100
and P1000 respectively and C. safiva. (24%)in P100 m the second month of mfection.
Momordica charantia and C. pepo respond by regaining back shoot fresh weight in second
month (Fig. 5d).

Maximum % decline in shoot diyweight is shown in L. cicereria (40%) and C. sativa
(43%) mn P10, m the first month of infection. Increase n dry weight m M. charantia (61%) and
C. pepo (6%) in P1000 (Fig. 5e).

Shoot dry weight 13 shown to decline in L. cicereria (23%) and C. sativa (11%) m P100
in the second month of infection (Fig. 5f).

Figure 5g shows maximum decline in root length in M. charantia (61, 34, 55%) and
C. pepo (35, 43, 75%)in all 3 population densities, in the first month of infection.

Figure 5h shows % decline in root length in all 4 species in all 3 population densities
being maximum in M. charantia (54%)and C. pepo (40%) in P1000, in the second month of
mfection.

Figure 51 shows % decline in root fresh weight maximum in C. pepo (50%) in P100;
maximum % hike in C. sativa, M. charantia (76, 64%) m P1000.

Maximum decline in root fresh weight shown in C. sativa (47%) in P100 and 23%
hike in P1000, % hike in RFW in all 3 Piin M. charantia (25, 16, 67) and C. pepo (6, 57, 125)
(Fig. 5.

Maximum decline in diy weight of roots in C. pepo (71, 89, 52%) inall 3 Pi. % hike inroot
dry weight (50, 100, 200) in all 3 Piin C. sativa in the first month (Fig. 5k) .

Figure 51 % decline in root dry weight in L. cicereria and % hike in M. charantia and
C. pepo inall 3 Pi.

Population growth and severity of root galls. Data shown in Table 6 are represented as
graph in Fig. 6a-d and 7a, b.
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Table 6: Population growth of M incognita and root gall severity in 4 species of Cucurbits

Host plant Days Pi Pt Rf RGS
L. ciceraria 30 10 410 41.00 0
100 2733 27.33 0
1000 910 0.9 1
60 10 1850 185.00 0
100 570 5.70 0
1000 1025 1.025 2
C. sativa 30 10 637 63.70 1
100 853 8.53 2
1000 1010 10.10 4
60 10 1360 136.00 1
100 1010 10.10 2
1000 1217 1.22 4
M charantia 30 10 1380 138.00 0
100 321 3.21 0
1000 1272 1.27 3
60 10 757 75.70 0
100 467 4.67 1
1000 1307 1.31 3
C. pepo 30 10 677 67.70 0
100 385 8.85 0
1000 1610 1.61 4
60 10 382 38.20 2
100 738 7.38 4
1000 393 0.39 5

Pi: Initial nematode population, Pf: Final nematode population, Rf: Rate of reproduction and RGS: Root gall severity
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Fig. 6: (a) Population growth during RKN mnfection in Lageneria cicereria, (b) population
growth during RKN mfection in Cucumis sativa, (¢) population growth during RKN
infection in Momordica charantia and (d) population growth during RKN infection
in Cucurbita pepo

L. ciceraria

At an initial population density of 10 larvae the rate of reproduction (Rf) of M. incognita
in bottle gourd was found to increase gradually from 41 in 30 days to 185 in 60 days. In Pi of
100 larvae, Rf was 27.33 m 30 days followed by a decline to 5. 7 m 60 days. However,
negligible growth was observed in P1 of 1000 due to very low Rf of 0.91 and 1.02 thus, making
the population stable. The onset of galling started at Pi 1000 in the first month with RGS
being in the range of 1-3 (Fig. 6b).
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Fig. 7. (a) Rate of reproduction in 4 species of Cucurbits and (b) severity of root galls during
RKN infection mn 4 species of Cucurbits

C. sativa

Rate of reproduction in case of 10 larvae shot from 63.66 in 30 days to135.96 in 60 days.
In P1 of 100 larvae Rfrose from 8. 53 in 30 days to 10. 1 1n 60 days. However, i P1 of 1000
larvae, rate of reproduction rose in the first month to 10.1, later declining to 1.2 in the next
month (Fig 6b).

The onset of galling started at Pil 0 in the first month with RGS being 1. The RGS in Pil 00
was found to be 2 and P11000 to be 4.

M. charantia

Rate of reproduction in Pi of 10 larvae increased gradually to 138 in 30 days but declined
subsequently to 75. 66 in the next month. InP1100 Rfrose from 3.2 in 30 days to 4.66 in 60
days. In Pil 000, however, the population was relatively found stable with Rf between 1.27
mn first month and 1.30 in second month. The onset of galling started at P11 00 in the second
month with RGS being 1. RGS in P1000 was found to be 4 (Fig. 6c).

C. pepo

Rate of reproduction m Pi 10 rose gradually to 67.66 in 30 days but declined
subsecuently to 38.21in the next month. Similarly, in Pil 00 Rf rose to 8.5 in first month, but
declined slightly to 7.38 mn the next month. In P1 1000 Rf rose to 1.61 but declined slightly to
0.39 thus, trying to maintain a stable population. The onset of galling started at Pil0 in the
second month with RGS being 2. The RGS in P100 was found to be 4 and P1000 to be in the
range of 4-5 (Fig. 6d).

Maximum rate of reproduction (Rf) of M. incognita found in Pi of 10 larvae in
L. ciceraria (180) followed by C. sativa (136), M. charantia (76)and C. pepo (38) (Fig. 7a).

In all 3 population densities (P10, P100 and P1000), RGS was found to be maximum in
C. pepo (2,4, 5) followed by C. sativa (1, 2, 4), M. charantia (0, 1, 3) and L. cicereria
(0,0, 2) (Fig. 7b).

DISCUSSION

The suitability of a host for plant parasitic nematodes 1s expressed as the ability of the
nematode to multiply in the plant and is measured by the ratio of the number of nematodes
recovered at the end of the experiment (Pf) to the number of nematode umts used to inoculate
the plant(Pi) (Lewis, 1987, Liebanas and Castillo, 2004).

All the four members of the family Cucurbitaceae, namely Lageneria ciceraria,
Cucumis sativa, Momordica charantia and Cucurbita pepo were found to be highly or
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moderately susceptible to infection with M. incognita. The population growth of the
nematode was found to be a determining factor in the pathogenesis of the infection.

Lageneria ciceraria (Bottle gourd) responded to the increased population growth of
the root knot nematode by a decline i shoot growth in low infections. In medium mfection
however, the plant faced the stress of increased population growth by an initial
augmentation in shoot growth. Tn the next month, however, population growth was found
to face a steep decline due possibly to augmentation in the immune response of the plant.
This, however, did not have any impact on the shoot growth which remained stunted. In
heavy infections, despite population growth being under control, plant growth was found
to decline and few root galls with a severity of 1. 5 were found to exist.

Cucumis sativa (Cucumber) responded to rapid population growth by increasing its
growth 1n the first month. Onset of galls started even in low infection 1n the first month. In
medium infection rapid population growth was accompanied by poor plant growth later
remaining stunted in the next month. Heavy infection was accompanied by a decline in plant
growth and an RGS of 2 showing reduced and deformed root system with a few galls.

Momordica charantia (Bitter gourd) responded to low infection with poor plant growth
in the first month with medium and heavy infections showing stunted growth. Plants
however, were found to regain growth in the second month. An inverse relationship was
found to exist between plant growth and nematode population growth. Onset of galls started
in the medium infection i the first month. Heavy infections showed an RGS of 3 showing a
homogenously distributed root system.

Cucurbita pepo (Pumpkin) responded to increased population growth by a disturbance
in plant growth m the first month in low mfections. In the second month despite a decrease
in population growth plant growth was alse found to decline. A RGS of 2 showing reduced
and deformed root system with few galls was visible in the in low infection in the second
month. Medium infection showed an increased population growth and a RGS of 4. Onset of
galls started mn the second month. Increased population growth n the was accompanied by
no plant growth in the first month and decreased population growth due to onset of galls in
the second month. RGS was found to be 5 being highest showing a completely deformed root
system and few but large galls.

Thus, all the four cucurbits in general, responded to increased population growth by a
disturbance in their growth pattern, showimng poor growth m the first month followed by
stunted growth in the second month. The present authors agree with Hussey and Williamson
(1997) that giant cells and tissue modifications induced by nematode infections, sequester
nutrients from the host plant and limit water and nutrient translocation from infected roots
to above-ground plant tissues subsequently leading to plant growth impairment (Tain et af.,
1994). Increase in growth of the plant in some cases in the first month is possibly an
adaptation of the plant in response to the stress imposed by increased population
growth and can be thought of as an attempt of the plant to compensate for the loss
meurred by the growmg larval population. The progressive decrease mn plant growth with
increasing innoculum in the present study has also been reported by Rakesh et al. (1992),
Patel et al. (1996), Pathak et al. (2000) and Khan et al. (2004, 2006).

Wallace (1973) reported that the increase in nematode population and subsequent
reduction in the yield of crops or other mamfestations of pathogenic effects are directly
influenced by the initial population density of nematodes in the soil. The present
investigation also shows that the rate of reproduction of M. incognita in all four cucurbits
15 density dependant and bears an mverse relationship with the imtial population density.
The present authors agree with Ogunfowora (1977), Wallace (1973) and Khan et al. (2006) in
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that the decrease in nematode multiplication at the highest population level is perhaps due
to destruction of root system and competition for food and nutrition among the developing
nematodes within the root system and also due to restriction of the growing larvae i the gall
tissue and their mability to explore new infection sites of subsequent generations. Similar
observations on the reduction in nematode multiplication with increased population density
were also noticed by Di Vitoet al. (1986, 2004), Khan and Hussain (1990), Pathak et al. (2000),
Khan (2003) and Khan ef af. (2004). An mverse relationship was also found to exist between
the Rate of reproduction of the nematode (Rf) and severity of root galls (RGS) ranging
between 1 to 5. Maximum Rf was found in L. ciceraria followed sequentially by C. sativa,
M. charantia and C. pepo while maximum RGS(root gall severity) was found to occur in
C. pepo followed by C. sativa, M. charantia and L. ciceraria. The present authors opine that
the on set of galls although imtiated by larvae, 1s a protective measure used by the plant to
restrict parasitic movement in the plant tissue. Thus increase in population density stops
with the onset of galling thereby maintaining a stable population.

Animals employ a large number of reproductive strategies depending largely on
environmental conditions (Horm and Rubenstein, 1984). Behavioral ecologists Arthur and
Wilson (1967) and have referred to two relative self reinforcing selective regimes, namely r
and k selection which may be adapted to apply to parasites. r selection is a selection for
maximum population growth in uncrowded populations and is a density independent
component of natural selection. Such species occur mn habitats that are ephimeral and
allocate a large proportion of the resources to reproduction. k selection on the other hand,
is a selection for competitive ability in crowded populations and a density dependent
component of natural selection. Such species occur in habitats with a long durational
stability and allocate a small proportion of their resources to reproduction (Parry, 1981,
Sukh Deo and Chapell, 1994). The present authors strongly affirm that the root knot
nematodes are both r and k strategists depending on the environment prevailing. Tn case of
minimum competition during low infection, M. incognita use r selection, while in presence
of maximum competition during heavy infections they are k strategists. All this 13 an
adaptation by the parasite to ensure efficient parasitism and survival and perpetuation of the
species.

Parasitism plays a crucial role in constraining the growth of populations and shaping the
evolution of plant and animal commurmties. Thus, studies on survival strategies of parasites
could be helpful in fields such as pest and disease management. The present authors
strongly opine that long term population studies in field along with DNA finger printing to
assess variability within populations is crucial for understanding the pathogenicity of
Meloidogyne incognita.
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