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ABSTRACT 
 
 Two field experiments were carried out to study the effect of different Meloidogyne arenaria initial 
population densities on yield quantity and quality of two potato cultivars Diamont and Désirée grown under 
natural and artificial nematode infection conditions. Potatoes were grown in the  Autumn season 2010 in 
Northern Egypt as temperature ranged from 14.5-24.5oC during the growing season. There was a negative 
correlation between nematodes and yield of both cultivars grown either in natural nematode infection or in 
artificial one. This correlation was not significant (P= 0.05) within the tested nematode populations under both 
nematode infestations. Damage threshold (nematode density was observed at which loss in yield begin to 
decrease) was 830 j2/200g soil and 1000j2/200g soil for Diamont and Désirée, respectively in sandy soil, while it 
was 7800 and 8600eggs/kg soil for Diamont and Désirée, respectively in clay loam soil artificially infected with 
nematodes. No differences in specific gravity, dry matter and total carbohydrates were found between infected 
and non infected plants tubers of both cultivars as well as the warty appearance was not found. Reducing sugars 
significantly (P=0.05) reduced in the tubers of infected plats compared with those of non- infected ones, 
reduction was more (13.3%) in Désirée than in Diamont (10.3%) potato cultivar.  
 
Kew words: Root- knot nematode Meloidogyne arenaria, Infected, Potato varieties, dry matter, total 

carbohydrates. 
  
Introduction 
 
 Potato, Solanum tuberosum L. is a major food crop in many parts of the world as potato production spread 
out of its traditionally cool environmental conditions into hotter areas. Now it is grown in many subtropical and 
tropical countries as a winter crop in many irrigated and arid areas of large commercial farms. Therefore potato 
occupies fourth place in importance amongst the major food crops in the world, and it is the third highest on the 
list, in terms of dry matter production per hectar (Jatala & Bridge, 1990).  
 In Egypt potato production has increased in the recent years, since it is grown in three seasons Autumn, 
Winter and Spring during six months beginning from September to February. Now it occupies more than one 
hundred thousand heaters producing about 2.5 million tons annually, therefore it considered to be one of the 
most important vegetable crops for local consumption and exportation ranking first for the export vegetable 
crops (Abou- Hadid, 2007).  
 Root – knot nematodes (Meloidogyne species) are ranked amongst the most important plant parasites in 
subtropical and tropical regions. There are many species and races of the root- knot nematodes infect potato 
plants, but the three most common species found in warm regions are Meloidogyne incognita, M. javanica and 
M. arenaria (Taylor et al. 1982, Jatala and Bridge 1990, Netscher and Sikora 1990, Stevenson et al. 2001, 
Ibrahim and El- Sharkawy 2001, Karajeh and Sellami 2010).  
 Although these root-knot nematode species infect potatoes in warm regions causing damage to plants as 
swellings in roots and sometimes on tubers, yielding loss in yield (Mai et al. 1981, Shady et al. 2007) and 
reduction in tubers quality (Jatala 1989), however their economic importance on potatoes and the impact on the 
yield quantity and quality is still not convincing. Studying of relation between potato yield and different initial 
nematode population densities under field conditions may give us information more precision about the impact 
of these nematodes on potato yield , as well as what is nematode density at which loss in yield begin to decrease 
(Damage threshold) and the expected loss in yield at different nematode densities. Now we need for these types 
of information because the objective of nematode control based on the integrated nematode management (INM) 
system is how to maintain a nematode at level that no cause damage (below damage threshold level). Moreover 
a complete eradication of nematodes from soil is not desired according to concept  of ecology, as well as the 
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more effective nematicides are expensive and may will be withdrawn from the market due to their damage to the 
invironment.  
 The objectives of the present study were to relate the yield of some potato cultivars to different initial 
population densities of Meloidogyne arenaria for estimating damage threshold (DT) to potatoes grown in 
Autumn season in naturally and artificially infected soils. Also the effect of nematode infection on some tubers 
quality characteristics was also studies.   
 
Materials and Methods 
 
Relationship Between Nematode Population Densities And Potato Yield:  
  
 Two field experiments were carried out to relate different initial nematode population densities under both 
natural and artificial nematode infection.  
 First experiment was carried out in sandy soil field naturally infected with Meloidogyne arenaria located in 
National Research Centre Experimental Station at Nobaria region, northern Egypt during 2010-2011 season. 
After harvest of the summer crop (peanut), the land was tilled on October 2010, then was divided into square 
microplots 50x50cm each. Two handered microplots were randomly selected to estimate the initial M.arenaria 
densities (Pi) per each. Estimation of nematodes juvenites (j2) in the soil was made by collecting a composed 
sample from each microplot directly before planting. Nematodes were extracted from soil according to Gooris & 
D' Herd 1972. Seed of both Diamont and Désirée potato cultivars were planted each in one handred microplots, 
one plant per microplot in 23-10-2010. After four months potato yield (Tubers) of each plant was weighed and 
the root knot galling indices (disease severity) was estimated as follows: 0= no galling, 1= 1-25% root galling, 
2= 26- 50%, 3= 51-75%, 4 = more than 75% root galling (Barker 1985).  
 The second experiment was carried out in a clay loam field located at Kafr – El – Sheikh governorate 
northern Egypt. The area of the experiment was divided to 180 microplots each of 40x40cm. The microplots 
were divided to twelve groups each of 15 replicates (microplots). Then Diamont and Désirée potato cultivars 
were grown in the groups, six groups for each cultivar. Before growing potatoes in 10-10-2010 each group was 
inoculated by one level of M. arenaria population  density. Nematode culture was reared on tomato plants 
(Super Mrmande), the infected tomato roots were finely chopped, and the numbers of eggs which have juveniles 
(j2) in 50g roots were estimated by processing root samples with sodium hypochlorite (Hussey and Barker 
1973). Then chopped roots were thoroughly mixed with 75 kg sand which were used as inoculum. Appropriate 
amounts of this inoculum was thoroughly mixed with the soil of each microplot  to give 0, 2000, 4000, 6000, 
8000 and 10000 eggs per kg soil. Each level of nematode inoculum was replicated 15 times. After adding 
nematode infection both potato cultivars, were planted one tuber per one microplot.   
 
Tubers Quality Determination: 
 
 The external shape of tubers (appearance) was examined directly by eye and under the stereomicroscope to 
record swellings and the warty appearance caused by nematodes.  
 
Specific Gravity: 
 
 Tuber specific gravity was calculated as g cm-3 from samples weights measured in air and water according 
to Smith (1975).  
 
Dry Matter: 
 
 Dry matter content of tubers was determined at 65oC for 72hr in oven until constant weight was reached. 
 
Total Carbohydrates And Reducing Sugar Analysis:  
 
 A random samples of 20 tubers were selected from the infected and non-infected plants both of Diamont 
and Désirée potato cultivars. Samples were washed, dried and cut into small pieces, mixed and grounded. Then 
carbohydrates% and reducing sugar mg/100g fresh weight were determined according to method of Dubois et 
al. (1956).  
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Statistical Analysis: 
 
 The results were analyzed by analysis of variance (ANOVO). Significant differences were determined at 
level of P = 0.05. Yield of potatoes (tubers) were plotted against nematode population densities to depict the 
regression lines for estimating damage threshold levels.  
 
Table 1: Maximum and minimum temperature degrees recoded during 2010-2011 growing season*.  

Dates Temperature oC 
Max.  Min.  Average  

Aug. 2010 33 16.9 25.0 
Sept.  32.7 16.3 24.5 
Oct. 32.6 18.6 25.6 
Nov.  28.1 15.3 21.7 
Dec. 24.5 9.3 16.9 
Jan. 2011 20.7 8.2 14.5 
Feb. 23.4 8.3 15.9 
Mar. 26.9 7.9 17.4 
Apr. 38.7 8.2 23.5 
May. 34.2 10.9 22.6 
Jun. 35.0 16.0 25.5 

*Data were obtained from Central Laboratory for Agricultural Climate, Dokki, Giza Egypt.  

 
Results:  
 
Relationship Between Nematodes And  Potato Yield:  
 
 Under naturally nematode infection, relations between different M. arenaria population densities and  yield 
of both Diamont and Désirée potato cultivars were presented in Table (2) and Figures (1) and (2).  
 No reduction in yield of both Diamont and Désirée was found at low nematode densities average of 250 and 
500 j2/ 200g soil.  Such reductions in yield of tubers 2.4% and 3.6% were observed at 1000 and 2000 nematode 
population average for Diamont cultivar, and 1.3% and 2.6% for Désirée, respectively, but these reductions 
were not significant at 5% probability (Table 2). Also data indicated that a negative and insignificant correlation 
between nematodes and tubers yield was found within the tested nematode populations ranged from 0-2000 
j2/200g soil for both cultivars. As the correlation coefficient (r) was – 0.17 and -0.15 for both Diamont (Fig. 1) 
and Desiree (Fig. 2), respectively. The damage threshold levels (nematode density at which damage or loss in 
yield is first observed) was estimated from the quadratic regressions by 830 j2/200g soil and 1000j2/200g soil for 
both Diamant and Désirée potato cultivars, respectively (Fig.1and 2).  
 Relation between potato yield (g/plant) and root gall indices was also estimated. This relation was negative 
as (r) was -0.19 and -0.23 for both Diamont and Désirée cultivars, respectively (Fig. 3).  
 No significant reduction in yield of both cultivars was found at P=0.05 within the galling indices (Table 3). 
 
Table 2: Yield average of Diamont and Désirée potato cultivars based on different initial population densities (Pi) of Meloidogyne arenaria 

at planting in sandy soil. 
No. group Nematode 

population range 
/200g soil 

Average  (Pi) Diamont yield Désirée yield 
g/plant reduction % g/plant reduction% 

1 0-300 250 830 - 780 - 
2 400-800 500 840 - 790 - 
3 900-1500 1000 810 2.4 770 1.3 
4 1600-3000 2000 800 3.6 760 2.6 
LSD 5%   43.0(ns) - 45.5 (ns)  

ns = Not Significant at 5% . 

 
 In the second experiment, relation between nematodes and yield of both potato cultivars Diamont and 
Désirée was studied under the artificial inoculum. Data presented in Table (4) indicated that yield of both 
cultivars was not influenced by nematodes within the tested nematode population range (0-10000 eggs/kg soil). 
Such reductions in potato yield was 1.0% for Desiree at 10000 nematode level, and was 1.0 % and 1.5% for 
Diamont at 8000 and 10000 nematode levels, respectively but they were not significant at P= 0.05. On the other 
hand linear regressions showed that there was a negative and insignificant correlation between nematodes and 
potato yield, as the correlation coefficient was – 0.47 for Diamont (Fig.4) and -0.36 for Désirée (Fig.5). Damage 
threshold levels estimated from the quadratic curves were 7800 and 8600 nematodes per kg soil for Diamont and 
Désirée respectively (Fig. 4 and 5). 
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Fig. 1: Relationship between root - knot nematode Meloidogyne arenaria initial population densities (Pi) and 

yield of diamont potato grown in sandy soil naturally infected with nematodes. 
  DM= damage threshold. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2: Relationship between root - knot nematode Meloidogyne arenaria initial population densities (Pi) and 

yield of Désirée potato grown in sandy soil naturally infected with nematodes.  
DM= damage threshold 

 
 Table 3: Relation between the root- knot galling indices at harvest stage and yield of Diamont and Désirée potato cultivars, grown in sandy 

soil naturally infected with nematodes.    
Galling   indices* Diamont yield Désirée yield 

g/plant reduction% g/plant reduction% 
0 745 - 690 - 
1 820 - 710 - 
2 798 - 700 - 
3 690 7.4 730 - 
4 780 - 660 4.3 
LSD 5% 131.2 (ns)  73.5(ns)  

ns=Not significant at 5% probability. * According to Barker (1985) 
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Fig. 3: Relationship between Meloidogyne arenaria severity (root- gall index) and yield of both diamont and 

Désirée potato cultivars grown in sandy soil naturally infected with nematodes.   
 
Table 4: Relation between initial nematode population densities and both Désirée and Diamont potato yields grown in clay loam soil 

artificially infected with M. arenaria.  
Nematode population 
densities/kg soil 

Désirée yield Diamont yield 
g/plant reduction% g/plant reduction% 

0   990a - 1000a  
2000 1050a - 1050a  
4000 1050a - 1100a  
6000 1000a - 1050a  
8000   990a -   990a 1.0 
10000   980a 1.0   985a 1.5 

Means followed by the same litter within each column, do not differ significantly at the 5% level as determined by Duncan's New Multible 
Range Test. 
 

Effect Of Nematodes On Tuber Quality And Their Content Of Carbohydrates And  Reducing Sugars: 
  
Swelling and Warty Appearance: 
 
 No swellings were found on tubers obtained from the infected plants of Diamont and Désirée compared 
with those obtained from non- infected ones. Also no deformation and blisters were found on tubers of the 
infected plants.   
 Data presented in Table (5) showed that specific gravity, dry matter carbohydrates % and reducing sugars 
were differed between varieties. These parameters were significantly high in Désirée compared with Diamont 
cultivar. While there were no significant differences in specific gravity, dry matter and carbohydrates % 
between infected and non- infected plants in both cultivars. Tubers had approximately same specific gravity, dry 
matter  and total carbohydrates in the infected and non- infected plants. They were 1.054, 19.5% and 47.06% in 
the non- infected plants and were 1.057, 20.2% and 48.73% in the infected plants of Dimont, respectively and 
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they were 1.083, 22.6% and 53.3% in non- infected of plants and 1.079, 22.6% and 51.76 % in infected plants of 
Désirée, respectively.  
 On the other hand the reducing sugars significantly reduced in tubers of infected plants reduction was 
10.3% in Diamont cultivar and 13.3% in Desiree one. 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4: Relationship between Meloidogyne arenaria initial population densities (Pi) and yield of Diamont potato 

grown in clay loam soil artificially infected with nematodes.  
DM = Damage threshold.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5: Relationship between Meloidogyne arenaria initial population densities (Pi) and yield of Désirée potato 

grown in clay loam soil artificially infected with nematodes.  
DM = Damage threshold.  

 
Table 5: Effect of Meloidogyne arenaria infection on some quality and chemical constituents of two potato tubers varieties (average two 

seasons).  
Potato 
varieties 

Specific gravity (g/cm3) Dry matter (%) Carbohydrates (%) Reducing sugars mg/100g 
non- 
infecte
d 

*infec
ted 

mean non- 
infecte
d 

infecte
d 

mean non- 
infecte
d 

infecte
d 

mean non- 
infecte
d 

infecte
d 

mean 

Diamont  1.054 1.057 1.055 19.5 20.2 19.86 47.06 48.73 47.9 36.13 32.4 34.26 
Désirée 1.083 1.079 1.081 22.6 22.6 22.63 53.33 51.76 52.55 40.96 35.50 38.23 
Mean 1.068 1.068  21.05 21.4  50.19 50.24  38.54 33.95  
LSD at 5% 
Variety (A) 0.002 1.7 3.6 3.1 
Infection (B) ns ns ns 1.8 
(A)  (B) ns ns ns ns 

*Infected plants = Tubers of infected plants which have 100% root galling index. 
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Discussion: 
 
 Results obtained in the present study suggested that there was no significant (P= 0.05) and negative 
correlation between M. arenaria infection and yield of two potato cultivars either grown in naturally infested 
soil or in artificially infected one. This insignificant effect of nematodes on the yield of both potato cultivars 
may be due to the low temperature prevalent during the growing season. As potatoes were grown in Autumn and 
soil temperature begin to decease (see Table 1). This low temperature reduce survival, ability of juveniles to 
attack plants and to reproduce (Van Gundy 1985).  
 Nematode damage threshold was less for potatoes grown in naturally infested sandy soil than for potatoes 
grown in artificially infected clay loam soil. This may be due to differences in soil types, as the root penetration 
and reproduction of Meloidogyne species were more in sandy soil than clay and clay loam ones (Ferris and Van 
Gundy 1979). These low damage thresholds observed in potatoes grown in naturally infested soil compared with 
those in artificially infested one may be also due to method of nematode count in soil samples, as second stage 
juveniles (J2) were only estimated in soil samples without the eggs which are an important source of nematode 
infection.  
 No warty appearance was found on tubers of potatoes infected with nematodes. This may be due to potato 
tubers develop and reach maturity within a short period (90-100 days), while the life cycle of Meloidogyne stay  
a long time at low temperature taking about 90 days at 15oC (Korayem and Romaşco 1983), delaying the 
emergence of juveniles of the first nematode generation which directly infect tubers and cause the warty 
appearance on tubers  if these tubers are still in young stage. Therefore potato tubers may reach maturity before 
emergence the infected stage juveniles (j2) of the first generation.  
 Concerning to the tubers quality and their chemical constituents, there were significant differences in the 
specific gravity, dry matter, total carbohydrates and reducing sugars between both varieties. This might be due 
to the differences among the genotype of varieties (Putz 1976). Regards to the reducing sugars, they were 
significantly reduced in tubers of the infected plants compared with those in tubers of the non- infected plants. 
This reduction in reducing sugars in tubers of the infected plants may be due to nematodes induced a higher 
metabolism in the infected plants causing specific changes in the nutritional status of plants resulting disorder in 
reducing sugars (Rao et al. 1988). Worth mentioning that increasing of reducing sugars in potatoes processed 
into French fries and crisps as Désirée cultivar, is an undesirable character, because these reducing sugars are 
chemically reactive and its accumulation in tubers cause the dark colour (Caramelization) during frying (Smith 
1968).  
 Generally, the present study suggested that the root knot nematode, M. arenaria have a powerless  effect on 
yield of susceptible potato cultivars when they are grown under low temperature conditions, ranges from 14-
25oC. Growing potato cultivars at early season (Aug- Nov) as temperature is still above 20oC or at late season 
(March – Jun) when temperature begin to increase,  reaction of these potato cultivars against nematodes may be 
different. Therefore, informations about  relationship between nematodes and potato yield, the nematode 
thresholds and expected loss in yield at different nematode population densities are now necessary. These 
informations should be considered before the decision of crop planting is undertakin especially in large 
commercial farms of potatoes, taking in consideration the environmental factors affecting nematode- damage 
function (Korayem 2008).   
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