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Abstract

The Columbia root-knot nematode, Meloidogyne chitwoodi Golden et al., 1980 (Tylenchida: Meloidogynidae),
is one of the most damaging nematode parasites of potato. It can cause economic damage in many cultivated plants
and infest weeds. In this study, the reproduction of M. chitwoodi was assessed in 19 potato cultivars and one candidate
cultivar under climate chamber conditions, and the effects of M. chitwoodi on plant growth were assessed in a
greenhouse in 2014. Meloidogyne chitwoodi reproduced well on the potato cultivars tested based on numbers of egg
and egg mass, reproduction factor and egg mass index. There were approximately 2-fold differences between some
cultivars according to minimum and maximum values of the number of egg masses (205 in Challenger and 423 in
Adora) and reproduction factor (28.2 in Marabel and 58.6 in Adora). Some plant growth parameters were significantly
different between nematode inoculated and uninoculated plants for each cultivar according to t-test. Additionally,
significant percentage decreases for some plant growth parameters were recorded, including plant height (7.6-13.4%),
fresh (14.6-24.5%) and dry (14.2-26.7%) weights of shoots, fresh (15.0-25.1%) and dry (16.2-26.2%) root. It was found
that all potato cultivars tested were susceptible to M. chitwoodi, and the degree of adverse effect on their growth varied
between cultivar.
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Oz

Kolombiya kok-ur nematodu, Meloidogyne chitwoodi Golden et al., 1980 (Tylenchida: Meloidogynidae),
patateste zarar yapan en énemli tirlerden biridir. Bircok kultlr bitkisinde ekonomik kayiplara neden olabilmekte ve
yabanci otlari enfekte edebilmektedir. Bu galismada, M. chitwoodinin Turkiye’de yaygin olarak yetistirilen 19 patates
cesidi ve 1 aday cesit acgisindan iklim odasi sartlarinda dreme durumu ve sera sartlarinda bitki gelisimine etkisi 2014
yilinda belirlenmistir. Meloidogyne chitwoodi, elde edilen yumurta paketi sayisi, yumurta sayisi, Ureme katsayisi ve
yumurta paketi indeksine gére patates gesitlerinin tamaminda iyi derecede ¢ogalmistir. En ¢ok ve en az Greme gorilen
cesitler arasinda yumurta paketi sayisi (205, Challenger; 423, Adora) ve ureme katsayisi (28.2, Marabel; 58.6, Adora)
agisindan yaklasik 2 kat fark oldugu belirlenmistir. Bazi bitki bliyiime parametrelerinde t-testine gére her gesidin
nematod inokule edilmis ve edilmemis bitkileri arasinda 6nemli 6lclide farklilik tespit edilmistir. Ayrica, bitki boyu (%7.6-
13.4), Ust aksam yas (%14.6-24.5) ve kuru (%14.2-26.7) agirhdi, kok yas (15.0-25.1) ve kuru (16.2-26.2) agirhgini
iceren bitki biiyiime parametrelerinde 6nemli bir azalis tespit edilmistir. Calismaya dahil edilen tim patates gesitlerinin

M. chitwoodi'ye duyarli oldugu ve bitki blyumesine olumsuz etkisinin ¢esitlere bagh olarak degistigi belirlenmistir.

Anahtar sé6zciikler: Konukgu, Meloidogyne chitwoodi, bitki gelisimi, patates, dayaniklilik
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Introduction

Potato is one of the most important agricultural products all over the world and is one of the major
food sources in many countries. Unlike other important food sources; potato is a key food as it produces
more dry-matter and calories per unit area, and has well-balanced protein (Hasan et al., 2014). Turkey has
highly suitable conditions for the cultivation of potato, and potatoes are produced almost everywhere in
Turkey, with the country ranked nineteenth in global production (Caligkan et al., 2010; FAO, 2016). In the
majority of potato-producing areas of the world, plant-parasitic nematodes, especially potato cyst
nematodes and root-knot nematodes, are among the most important pests of the potato. Root-knot
nematodes, Meloidogyne spp. are obligate parasites and responsible for limiting agricultural productivity.
Columbia root-knot nematode Meloidogyne chitwoodi Golden, O'Bannon, Santo & Finley, 1980
(Tylenchida: Meloidogynidae) was first described from potatoes (Solanum tuberosum L.) in the Pacific
Northwest (USA) and has been reported in Africa (South Africa, Mozambique), Europe (Belgium, France,
Germany, Netherlands, Portugal, Sweden, Turkey), and North and South America (Mexico, Argentina)
(Golden et al., 1980; EPPO, 2018a). In Turkey, M. chitwoodi was detected for the first time in potato tubers
collected from Nigde Province in 2006 (Ozarslandan et al., 2009). It has since been reported in Nevsehir,
Konya, Kayseri, Aksaray, Balikesir, Bitlis, Isparta, izmir, Kiitahya and Manisa Provinces (Yildiz et al., 2009;
Ulutag, 2010; Ozarslandan et al., 2013; Evlice & Bayram, 2016).

Meloidogyne chitwoodi has a broad host range comprising several plant families (including
Solanaceae, Umbelliferae, Gramineae, Leguminosae, Brassicaceae and Cucurbitaceae) and can cause
severe damage to many economically important crops, such as potato, carrot, tomato, carrot, maize, wheat
and bean (Santo et al., 1980; O'Bannon et al., 1982; Brinkman et al., 1996; den Nijs et al., 2004). In potato,
it causes blisters on the tuber surface and brownish spots in the tuber tissue, as well as infecting the roots,
and tubers with these internal and external symptoms are unmarketable for fresh consumption or
processing. The economic loss caused by M. chitwoodi can reach $9900/ha (Ingham et al., 2007). The
economic damage threshold for quality loss of potatoes has been established at 1 J2 (second-stage
juvenile)/250 ml of soil in the USA and 10 J2s/100 ml of soil in the Netherlands (Santo et al., 1981; Norshie
et al., 2011). However, due to the rapid multiplication of the M. chitwoodi, the environmental factors such
as temperature, growing season, soil structure are much more important determinants of damage. Spread
and damage were observed in the areas with sandy soil with over 1500 degree-days (>5°C) (Griffin, 1985;
Pinkerton et al., 1991). Meloidogyne chitwoodi is generally regarded as a quality pest (Suffert & Giltrap,
2012), but it also reduced plant development and tuber yield (Santo & O'Bannon, 1981; Pinkerton et al.,
1986; Scholte, 1990; Hafez & Sundararaj, 2009). This paper reports reproduction of M. chitwoodi on some
potato cultivars and its effect on their growth.

Material and Methods
Nematode inoculum

A population of M. chitwoodi (NEV-10) was used in this study. Pure stock culture of NEV-10
(Suvermez Kasabasi/Nevgehir, 38°21'48.60" N, 34°40'16.20" E) was identified by morphological and
molecular methods (Evlice & Bayram, 2016). Nematode cultures were maintained on tomato plants
(Solanum lycopersicum cv. Tueza) in a climate chamber. Four leaf stage tomato seedlings, established in
pots (760 ml, 10x10x11 cm), were inoculated with 10-15 egg masses and allowed to multiply for 8 weeks
(Mistanoglu et al., 2016). Egg masses were collected from infected roots and J2s were obtained using a
Petri dish method at 23°C. J2s that hatched in the first 24 h were discarded, and thereafter J2s were
collected and stored at 4°C. J2s were used within 72 h for inoculation (Nyczepir et al., 1999).

Plant material

Nineteen potato cultivars, the most commonly cultivated in Turkey and one candidate cultivar from
Turkey were used in this study (Table 1). Except the candidate cultivar, only certified potato tubers were
tested. Of the tested cultivars, eight were grown from mini tubers. For the others tuber were cut into 25-28
mm pieces. Tubers were sprouted to about 1 cm long before planting, with excess sprouts removed to
obtain tubers with single sprout for planting.
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Reproduction of Meloidogyne chitwoodi on potato cultivars

All experiments were conducted at Plant Protection Central Research Institute (Ankara, Turkey) in
2014. The experiment was conducted in a climate chamber at 23+2°C with a 14:8 h L:D photoperiod (3000
lux). The plants were established in pots (550 ml, 9x9x10 cm) filled with autoclaved (Smith & Onions, 1994)
soil mixture (85% silver sand, 15% soil). Osmocote® (Scotts, Marysville, OH, USA) (18-6-12), a slow release
fertilizer, was applied at a rate of 1 g/kg soil mixture. Five pots for each cultivar were inoculated with 750 J2
(the initial population density, Pi) at planting. The inoculum was delivered into 3-4 cm deep holes and
covered with soil. Tomato plants (Tueza F1) served as a susceptible control. The pots were arranged in a
completely randomized design. Plants were watered and fertilized regularly. Sixty days after inoculation,
plants were removed from the pots, the root systems were gently washed with tap water and then soaked
in a Phloxine B solution (0.15-0.20 g/L; Sigma-Aldrich, St. Louis, MO, USA) to stain nematode egg masses.
Gall and egg masses per root system were counted and ranked on a scale of 0 to 10, where 0 = no galls
or no egg masses, 1=1-2, 2= 3-10, 3 = 11-30, 4 = 31-100, 5= more than 100 galls or egg masses per root
system, and the cultivars assigned according to egg mass index (El) (Hartman & Sasser, 1985). Eggs were
extracted from roots (Hartman & Sasser, 1985), the final population (Pf) and reproduction factor (Rf = Pf/Pi)
was determined. Cultivars were classified as non-host (immune) (El = 0 and Rf = 0), poor host (resistant)
(El' = 1-3 and Rf < 1) and a suitable host (susceptible) (El = 4-5 and Rf > 1) (Oostenbrink, 1966).

Effect of Meloidogyne chitwoodi on plant growth

An experiment was conducted in a greenhouse and uninoculated plants were included for comparing
some vegetative parameters. The experiment was designed as previously indicated. The pots were
arranged randomly on a bench in greenhouse (24.4+4.7°C) with a 16:8 h L:D photoperiod. Plants were
watered and fertilized regularly. The experiment was terminated 60 d after inoculation. The roots were
stained and the egg masses counted. Plant shoots and roots were dried at 70°C in an oven for 48 h and
dry weights determined (Mohammad et al., 2007). Plant growth was assessed as plant height (cm), and
fresh and dry weights (g) of shoots and roots.

Statistical analysis

The mean numbers of egg masses and reproduction factor were square root transformed. Variance
analysis was performed with transformed data and the differences between treatments were analyzed by
means of Duncan's multiple range test (P < 0.05). Plant growth parameters as plant height (cm), and fresh
and dry weights (g) of shoots and roots were analyzed by paired t-test. All statistical analyses were
performed using SPSS 20 software (IBM Corp., Armonk, NY, USA).

Results
Reproduction of Meloidogyne chitwoodi on potato cultivars

Egg masses of M. chitwoodi were observed on all plants tested (Table 1). The number of egg masses
on each root system ranged from 205 to 423 and showed significant variation (F = 3.24 P < 0.05) between
the cultivars. Challenger (205), Van Gogh (216), Marabel (229), Granola (249) and Orchestra (251.00) had
the lowest mean number of egg masses. However, the highest number of egg masses were in Adora (423),
Hermes (374), Lady Rosetta (358), 614002 (353) and Melody (324). Meloidogyne chitwoodi reproduced on
all the cultivars with significant differences (F = 3.15, P < 0.05) between the cultivars. The highest Rf of M.
chitwoodi was in Adora (58.6) followed by 614002 (58.0), Hermes (56.2), Lady Rosetta (56.2) and Agria
(44.8). Whereas, the lowest Rf values were in Marabel (28.2), Challenger (29.0), Orchestra (30.0),
Pomquen (31.0) and Van Gogh (32.8). Therefore, all the potato cultivars were classified as susceptible,
having a ranking of 5 and R > 1. Few or no galls were detected on the potato roots, but were observed on
the tomato roots (Figure 1). However, these galls are not considered to be as large a problem as those
induced by other Meloidogyne species, such as M. incognita and M. javanica. Santo et al. (1980) and
Golden et al. (1980) also reported that M. chitwoodi causes little or no galling on roots of potato and tomato
cv. Rutgers.
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Table 1. Number of egg masses, reproduction factor (Rf: Pf/Pi) and egg mass index of Meloidogyne chitwoodi on different potato
cultivars 60 d after inoculation with 750 second-stage juveniles

Cultivar Number of egg masses' Rf! Egg-mass index
Adora 423+37 a? 58.6£5.8 ab 5
Agria 273+25 abcd 44.8+5.2 abc 5
Alegria 285+31 abcd 39.4+4.4 abc 5
Borwina 28118 abcd 37.0£2.1 abc 5
Challenger 205+9 d 29.0+6.1 bc 5
Granola 249+21 abcd 41.2+3.4 abc 5
Hermes 374+34 abc 56.2+8.2 abc 5
innovator 291+16 abcd 37.4+2.3 abc 5
Jearla 312+18 abced 42.8+6.5 abc 5
Lady Olimpia 263+40 abcd 44.6£7.4 abc 5
Lady Rosetta 358+30 abcd 56.2+5.2 abc 5
Marabel 229+27 bcd 28.2+3.1 ¢ 5
Melody 324438 abcd 38.2+7.3 abc 5
Orchestra 251+33 abced 30.0£#1.3 bc 5
Pomqueen 31042 abcd 31.0+6.8 bc 5
Russet 263+23 abcd 42.8+6.8 abc 5
Spunta 314464 abcd 37.2+7.2 abc 5
Toscana 260+26 abcd 36.8£5.5 abc 5
Van Gogh 21626 cd 32.8+3.1 abc 5
614002 353 +10 abcd 58.0+4.3 abc 5
Tomato 39148 ab 64.2+11.7 a 5

' Data are means*SE;
2 Different letters following means in the same column indicate statistical significance from each other (ANOVA P < 0.05, Duncan's
multiple range test).

Figure 1. Symptoms caused by Meloidogyne chitwoodi on roots of potato plant stained with Phloxine B.
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Effect of Meloidogyne chitwoodi on plant growth

The mean plant growth parameters with and with nematode inoculation are shown in Table 2 along
with the number of egg mass on the inoculated plants. Egg masses were detected on all cultivars, with
mean number differing significantly (F = 2.09, P < 0.05) between cultivars. The highest number of egg
masses were on Adora (389), Lady Rosetta (363), Hermes (360), Jearla (359) and Alegria (337), while
Toscana (233), Agria (241), Challenger (243), Lady Olympia (254) and Marabel (268) had the lowest
number.

Table 2. Effect of Meloidogyne chitwoodi on the plant growth of different potato cultivars 60 days after inoculation with 750 second-
stage juveniles'

Cultivar Nematode? Plant height Shoot fresh Shoot dry Root fresh Root dry Egg mass
(cm) weight (g) weight (g) weight (g) weight (g) number**

+ 94+2.4* 25.5+1.3* 5.1+0.1* 13.8+0.9* 1.7+0.2

Adora 389+37 a
- 10612.3 34.2+1.8 5.9+0.2 18.1£0.9 2.3+0.2
+ 106+1.4 19.3+0.7¢ 4.5+0.1 15.1£0.9* 1.7+0.1

Agria 241+15d
- 11415.7 22.9+0.8 4.8+0.1 18.1£1.8 2.1+0.1
+ 86+4.5 26.6+1.3* 5.2+0.1 12.9+0.8* 1.5+0.2

Alegria 337460 abcd
- 93+3.6 31.6+1.5 5.7+0.1 15.9+1.2 1.8+0.2
+ 90+3.8 18.7+0.6* 4.4£0.1* 17.3+0.7¢ 1.7+0.2

Borwina 301+31 abcd
- 102+4.8 23.5¢1.2 4.9+0.1 20.6+0.7 2.1+0.3
+ 93+4.0 27.9+1.1* 5.3+0.1* 18.2+1.0* 2.0+0.3

Challenger 243142 d
- 101+3.5 32.9+1.2 5.80.1 22114 2.7+0.3
+ 86+1.8 21.6+£1.1* 4.7£0.1* 14.5+0.9% 1.6+0.1

Granola 299+36 abcd
- 96+5.8 26.8+1.1 5.2+0.1 19.2+1.2 1.9+0.2
+ 92+2.9% 19.941.3* 4.5+0.1 13.84£0.7¢ 1.8+0.1

Hermes 360+20 abc
- 107+2.8 24.5+0.9 5.0+0.1 17.3¢1.7 2.4+0.2

) + 89+.3.2 23.5+1.6* 4.9+0.2 17.6+1.6* 1.7+0.2

Innovator 279+35 abcd
- 98+4.7 27.9+2.9 5.3+0.3 21.1£1.2 2.1+0.2
+ 108+2.9 24.9+0.9% 5.0+0.1 15.2+1.5% 1.9+0.2

Jearla 359+32 abc
- 117+5.7 29.2+1.3 5.5+0.1 18.3¢1.5 2.4+0.2
+ 102+3.8 23.2+1.4* 4.9+0.1* 16.2+0.8* 1.6+0.2

Lady Olympia 254421 cd
- 1175.5 27.1£2.1 5.2+0.2 19.6+0.8 2.1+0.2
+ 733.0 22.8+1.5% 4.8+0.2% 17.7£1.0% 2.1+0.2

Lady Rosetta 363130 abc
- 82+2.7 29.4+2.2 5.5+0.2 21.6+1.2 2.6+0.4
+ 93+3.5¢ 21.6+£1.7¢ 4.7+0.2¢ 15.6+0.7¢ 1.8+0.1

Marabel 268+28 cd
- 10612.7 25.9+1.8 5.1+0.2 18.7£1.0 2.3+0.2
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Table 2. (Continued)

Cultivar Nematode? Plant height Shoot fresh Shoot dry Root fresh Root dry Egg mass
(cm) weight (g) weight (g) weight (g) weight (g) number**

+ 94+3.3 23.3+1.9% 4.9+0.2 14.9+1.0% 1.9+0.3

Melody 279433 abcd
- 10314.7 28.5¢1.5 5.4+0.1 18.6+0.9 2.3+0.3
+ 109+1.9* 25.4+1.7F 5.1+0.2* 15.7£1.2* 1.6+0.1

Orchestra 277+43 bed
- 126+3.9 29.1+0.8 5.4+0.1 20.9+1.1 2.2+0.3
+ 108+2.7* 22.8+1.4* 4.8+0.2% 15.4£0.7¢ 1.7+0.2

Pomqueen 289412 abcd
- 120+1.9 27.5£1.3 5.3+0.1 18.7+1.1 2.1+0.3
+ 89+3.0 22.5+0.9% 4.8+0.1 17.240.9* 1.7+0.2

Russet 314+22 abcd
- 100+4.7 26.3+1.8 5.2+0.2 20.3+1.1 2.1+0.2
+ 99+4.6* 20.7+0.9* 4.6£0.1* 17.5£1.0% 1.8+0.2

Spunta 293421 abcd
- 114131 25.9+1.0 5.1+0.1 20.8+0.7 2.2+0.2
+ 75+1.8* 17.5£0.9% 4.2+0.1* 14.3+0.8* 1.6+0.1

Toscana 233+11d
- 84+2.9 21.6+0.9 4.7+0.1 17.5+£0.9 1.9+0.1
+ 90+.3.6* 23.8+0.8* 4.9+0.1* 17.6+0.8* 1.8+0.1

Van Gogh 299432 abcd
- 100+1.2 28.9+1.1 5.4+0.1 20.8+1.1 2.2+0.2
+ 73+2.9 19.0+£1.3* 4.2+0.1 14.4+0.9% 1.7+0.2

614002 297+36 abcd
- 81+2.1 23.4£1.0 4.6+0.1 17.5£0.8 2.2+0.2
+ 47+3.1 25.1+£1.7¢ 5.1+0.2* 13.8+0.5* 2.1+0.2

Tomato 380+18 ab
- 52+3.6 29.1+0.7 5.4+0.1 17.9+1.7 2.8+0.2

"Data is meanszSE, n = 5;

2+: Nematode inoculated; -: Nematode uninoculated;

*Values between nematode inoculated and uninoculated plants of each cultivar are significantly different according to t-test (P < 0.05);
** Values indicated by the same letter are not significantly different according to Duncan's multiple range test at P < 0.05.

The growth parameters varied between cultivars, but there was no significant difference for some
parameters between some cultivars. All cultivars showed significant decrease in shoot and root fresh
weight, but no significant difference was found fin root dry weight. All parameters except dry root weight
decreased significantly in Adora, Marabel, Orchestra, Pomqueen, Spunta, Toscana and Van Gogh.
However, plant height, fresh and dry weights of shoots and roots were reduced by M. chitwoodi relative to
uninoculated plants. For inoculated and uninoculated plants, the lowest plant heights (cm) were in Lady
Rosetta (73 and 82, respectively) and 614002 (73 and 81), and the highest in Orchestra (109 and 126) and
Pomqueen (108 and 120). The lowest shoot fresh weight was in Toscana (17.5, 21.6) and Borwina (18.7
and 23.5), the highest in Challenger (27.9 and 32.9) and Alegria (26.6, 31.6). The lowest and highest shoot
dry weights were in 614002 (4.2 and 4.6) and Challenger (5.3 and 5.8), respectively. The lowest root fresh
and dry weights were obtained in Alegria (12.9 and 15.9, and 1.5 and 1.8) while the highest root fresh and
dry weights were in Challenger (18.2 and 22.1, and 2.0 and 2.7, respectively).

258



Evlice & Bayram, Tirk. entomol. derg., 2018, 42 (4)

The percent effects on plant growth parameters due to the nematode inoculation are shown in Table
3. Plant height, fresh and dry weights of shoots and roots of the cultivars were reduced by inoculation with
M. chitwoodi relative to uninoculated plants, but there were no significant differences between the cultivars
(P > 0.05). The greatest decrease in plant height was in Hermes (13.4%) followed by Spunta (13.3%) and
Orchestra (12.3%), while the least effects were in Alegria (7.6%), Agria (7.8%) and Melody (7.9%). The
greatest effect on fresh and dry weight of shoots was in Adora (24.5 and 26.7%, respectively), followed by
Lady Rosetta (21.8%) and Borwina (20.0%) for shoot fresh weight and Marabel (22.4%) and Hermes
(21.98%) for shoot dry weight. The least effect on shoot fresh weight were in Orchestra (14.6%), Russet
(14.6%) and Innovator (14.8%). For shoot dry weight, the least effect was in Jearla (14.2%), Spunta (14.3%)
and Lady Olympia (15.6%). The greatest effects on root fresh and dry weights were in Orchestra (25.1%),
Granola (24.4%), Adora (23.6%) and Challenger (26.2%), and in Adora (24.1%) and Innovator (23.8%),
respectively. Whereas, the least effects were detected in Van Gogh (15.0%), Spunta (15.6%), Marabel
(15.6%) and Pomqueen (16.2%), and Jearla (16.6%) and Alegria (17.2%), respectively.

Table 3. Percentage reduction in the plant growth of different potato cultivars caused by Meloidogyne chitwoodi 60 days after
inoculation with 750 second-stage juveniles'

Cultivar Plant height Shoot fresh weight Shoot dry weight Root fresh weight  Root dry weight
(%) (%) (%) (%) (%)

Adora 11.9+3.1 24.5+5.3 26.7+6.2 23.6+3.6 24.1£10.5
Agria 7.844.1 15.611.4 20.86.3 15.615.2 20.5+8.0
Alegria 7.6+1.9 15.7+3.2 17.2+5.9 17.617.1 17.246.5
Borwina 11.5+2.2 20.0+2.5 20.8+3.4 16.0+4.1 21.1x7.7
Challenger 8.5+1.8 15.4+1.8 16.8+2.8 17.424.3 26.2+11.5
Granola 9.41£3.5 19.1+2.8 21.1+5.1 24.4+6.9 19.6+3.7
Hermes 13.4+4.1 18.414.6 21.9+3.8 18.815.4 22.4+8.1
innovator 9.0£2.2 14.8+3.6 20.8+4.7 16.917.4 23.817.8
Jearla 9.743.6 15.814.6 14.2+5.1 17.316.4 16.6+10.0
Lady Olympia 12.1£5.5 15.7+5.9 15.615.6 17.324.7 23.7¢4.3
Lady Rosetta 10.414.6 21.8+4.3 18.5+7.8 19.7+¢5.7 23.618.6
Marabel 11.9+1.8 17.9+4.9 22.4+8.3 15.615.1 21.9+6.2
Melody 7.942.3 18.5+3.5 19.9+5.4 18.2+5.6 19.1+6.7
Orchestra 12.3+4.0 14.615.3 17.5+7.7 25.1+4.0 22.9+11.1
Pomqueen 10.0£2.9 17.1£3.2 19.9+7.5 16.7+3.2 16.2+5.7
Russet 9.743.9 14.614.9 17.38.1 15.7+7.2 20.7+8.3
Spunta 13.33.4 19.5+5.8 14.315.5 15.614.9 22.4+9.8
Toscana 10.2+1.9 19.122.3 18.5+3.1 18.1+4.2 19.316.7
Van Gogh 9.843.8 17.1£3.8 19.616.9 15.0+2.8 18.3t5.4
614002* 8.9+3.3 18.9+2.9 21.1x11.4 17.316.3 22.7+¢5.7
Tomato 9.4+4.5 13.815.5 18.3+2.6 20.5+7.2 23.1+2.9

"Values are means+SE of five replicates. Percentage reduction in plant growth of cultivars do not differ significantly according to

Duncan's multiple range test at P < 0.05;

* Candidate cultivar.
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Discussion

Meloidogyne chitwoodi, a sedentary endoparasite nematode, causes damage to roots, stolons and
tubers of potato. Tuber infection can result in both external symptoms, galling to the surface, and internal
symptoms, brown spots surrounding adult females that are visible when the tuber is peeled. Infested tubers
are not suitable for the fresh market or processing when these symptoms reach 5% or more (EPPO, 2018b).
Potato is known as a good host for M. chitwoodi and it is generally considered quality pest for potato
(Norshie et al., 2011). In addition to the quality damage caused by M. chitwoodi, the overall tuber yield can
also be reduced (EPPO, 2018b). The results obtained from this experiment show that reproduction of M.
chitwoodi and effect of M. chitwoodi infection on plant growth parameters as plant height, fresh and dry
weights of shoots and roots vary between different cultivars. Meloidogyne species (M. incognita, M.
javanica, M. arenaria and M. mayaguensis) having high reproduction potential in potato, but differences
between the cultivars have been reported (Al-Hazmi et al., 1995; Ateka et al., 2001; Vovlas et al., 2005;
Silva et al., 2010; lbrahim et al., 2014).

Santo & O'Bannon (1981) found that M. chitwoodi and M. hapla reduced root growth and tuber yield
of potato. Meloidogyne chitwoodi reduced tuber yield and yield loss reached 25% in the greenhouse and
open field studies (Hafez & Sundararaj, 2002, 2006a, b, 2009). It has been found that the yield loss due to
M. chitwoodi can be reduced by 17-40% as a result of the nematicide applications (Pinkerton et al., 1986;
Scholte, 1990). Meloidogyne chitwoodi reduces both fresh and dry shoot and root weights of tomato up to
37 and 45%, respectively (Santo & O'Bannon, 1982; Hafez & Sundararaj, 1999). The damage caused by
M. chitwoodi to potato tubers has been shown to vary between cultivars. Some potato cultivars have a
lower tuber damage than others, for example Agria is reported to be much more tolerant than Hansa (Suffert
& Giltrap, 2012). Under field conditions, it has been reported that the symptoms caused by M. chitwoodi in
the tubers varied from 3 to 34%, and the maximum population density was 2778 and 4167 J2/100 cm?® soil
in the early and late cultivars, respectively (Van Riel, 1993, 1994). Separate resistance genes for root
reproduction and tuber infection have been found against M. chitwoodi in potato (Brown et al., 1996, 2009).
Additionally, some promising results have been reported for resistant commercial potato cultivar using
these genes (Brown et al., 1991, 2004, 2006, 2009; Norshie et al. 2011; Dinh et al., 2014). Studies have
also shown plant growth reduction due to M. chitwoodi, depending on temperature and population density,
in host plants such as alfalfa, wheat, barley, carrot and some other legumes (Nyczepir et al., 1984; Griffin et al.,
1986; Giriffin, 1992, 1993; Griffin & Rumbaugh, 1996; Griffin & Jensen, 1997; Molendijk & Brommer, 1998).

Some studies reported that no yield loss was caused by M. chitwoodi in potatoes, but this is
considered to be due to the specific environmental conditions, such as total grade-days, initial population
and soil type (Mojtahedi et al., 1993; Umesh & Ferris 1994; Hafez & Sundararaj, 2003). However, total
potato yield reduction due to M. chitwoodi in two out of five years was reported in a field experiment,
therefore, the damage varies depending on the region (Griffin, 1985; Pinkerton et al., 1991). The damage
threshold for M. chitwoodi was 1 J2/250 ml soil in the USA and 10 J2/100 ml soil in the Netherlands.
Therefore, potatoes can lose market value when grown in the areas which have higher juvenile numbers
than these thresholds (Santo et al., 1981; Norshie et al., 2011). However, for nematode damage, the
environmental conditions can be more important than the initial populations of M. chitwoodl. Spread and
damage of M. chitwoodi has been observed in the areas with coarse soil texture and an annual degree-day
(>5°C) of at least 1500 (Griffin, 1985; Pinkerton et al., 1991). In infested areas, the level of damage was
affected by temperature, the type of plant grown (sensitive, tolerant or durable), the duration and period of
the production, soil structure, and rainfall and watering conditions.

In summary, this study showed that M. chitwoodi reproduced well in all potato cultivars tested and
caused reduction in their growth. However, there was significantly difference between cultivars in nematode
reproduction and effects on plant growth. Damage to tubers may be reduced by choice of less susceptible
cultivars. Thus, correct diagnosis and estimation of soil population densities of M. chitwoodi should be
performed before planting potato to facilitate effective integrated management. Furthermore, integrated
management programs for M. chitwoodi should be established, and farmers should be informed about its
importance and potential to cause damage.
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