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Abstract 
Root-knot nematodes (Meloidogyne spp.) contribute to low productivity and post harvest losses of white yam 
(Dioscorea rotundata). This study evaluated yam cultivars for resistance to Meloidogyne spp. using plants 
generated from single node vine cuttings. Forty accessions of D. rotundata were selected for the study and laid 
out in a randomized complete block design with 10 plants per replicate, three replicates and two treatments 
(Meloidogyne-inoculated and uninoculated). Vines were planted in vertically hanging bags and inoculated four 
weeks after with 500 eggs of Meloidogyne spp. Plants were harvested sixteen weeks after inoculation and data 
were collected on weight of tubers, nematode populations in tubers and soil, and nematode damage to tubers. 
Vine survival was up to 60%, although inoculated vines had lower rates of survival. All the surviving vines 
produced tubers of various sizes which differed between the control inoculated tubers. Based on galling index 
(damage) and reproductive factor, five accessions were designated as resistant with the remaining accessions 
being susceptible. The use of vine-cuttings was found to be effective for screening yam varieties for resistance to 
Meloidogyne spp.  

Keywords: Meloidogyne spp., nodal vine cuttings, resistance, yam  

1. Introduction 
The root-knot nematodes (Meloidogyne spp.) are sedentary endo-parasites and are among the most damaging 
agricultural pests attacking a wide range of crops (Sahebani & Hadavi, 2008; Hashem & Abo-Elyousr, 2011). 
Vegetables, roots and tubers are two of the main affected group of crops on which they cause yield losses mainly 
in tropical and sub-tropical agriculture (Kiewnick & Sikora, 2006; Nyczepir & Thomas, 2009). In West Africa, 
yam is the most important tuber crop as a main source of income and cash provider for the system, in addition to 
being a key staple food, particularly in Nigeria, Ghana, Ivory Coast, Benin and Togo (Ile et al., 2006; FAO, 
2012). Much of the increase in production is due to increased land cultivation rather than improved productivity. 
Damage by pests and diseases, especially plant parasitic nematodes and virus diseases are among the major 
contributors to losses and reduced yield (Odu et al., 2004; Egesei, Onyeka, & Asiedu, 2007). The edible part of 
yam is the underground starchy stem called ‘tuber’ which also serves as the conventional propagules of the crop. 
Thus, up to 30% of the previous harvest may be used to plant a new crop. Root-knot infection is one of the main 
diseases contributing to low yield and postharvest losses of this important crop in Africa (Nwauzor & Fawole, 
1981; Adegbite & Agbaje, 2007). The underground tubers get infected in the field and the nematode continues to 
multiply in the periderm and cortex of tubers during storage resulting in tuber deterioration.  

Management of the nematode with pesticides is only temporary, as tubers often get infected from field 
populations of root-knot nematodes. Selection for resistance remains one of the promising and cheaper methods 
for resource-poor farmers in the region. Screening of yam for resistance to root-knot nematode disease has been 
reported by Atu, Odurukwe, and Ogbuji (1983), and Coyne and Ross (2014). Using the conventional method of 
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screenhouse. One set of bags were hung 2 m above the floor and another were 50 cm above the floor thus 
creating 2 planes of hanging sacks and conserving space.  

2.4 Planting and Inoculation of Vines in the Screenhouse 

Planting was carried out by inserting one vine each into the 10 planting holes made on the surface of the vertical 
hanging bags. A glass rod of 0.5 diameter was used to make a 1 cm deep planting hole in the media in which 
vines were planted. Four weeks after planting, inoculation was carried out by pipetting 500 eggs of Meloidogyne 
spp. per vine into the soil in which vines were growing thus; making a total of 5000 eggs of Meloidogyne spp. 
per bag. Uninoculated plants served as the control. Ten vines were planted in separate holes per bag in a 
randomized complete block design with three replicates (three bags per cultivar). Treatments were 40 yam 
varieties and each bag contained a single variety. Bags with inoculated plants were separated from uninoculated 
(control) bags by a row of bags with no plants. The experiment was conducted a second time following the same 
procedure.  

2.5 Data Collection and Analysis 

The number of surviving vines was counted at four weeks after inoculation and the percentage survival 
calculated. The number of leaves per plant was also counted. Six months after planting, the plants were 
harvested, and tubers were weighed and scored for symptoms of root-knot nematode damage using a scale of 1 
to 5, where, 1 = 0%, 2= 1-10% , 3= 11-30%, 4 = 31-60%, 5 = 61-100% (Claudius-Cole, 2005). The roots and 
tubers were separated from soil, washed, drained over paper towels and weighed. The roots were cut into 1 cm 
pieces for nematode extraction. Extraction from roots was undertaken following maceration in 0.5% sodium 
hypochlorite for 5 seconds in a Warring® laboratory blender. The suspension was shaken for three minutes and 
passed through nested sieves of 2 mm sieve to remove debris, then through a 60 µm sieve for female nematodes, 
and 28 µm sieve for second stage juveniles and eggs. The contents of each sieve were rinsed out with a wash 
bottle and collected in labeled sample cups. Yam tubers were washed, weighed and peeled. The peels were 
weighed, chopped into 1-2 cm and mixed. Nematodes were extracted from the chopped peels as above. 
Nematode counts were used to determine populations in roots and tubers. The soil of 100 cm3 from the 
rhizosphere of each vine was collected and bulked per bag. The bulked soil was thoroughly mixed and a 100 cm3 
sample was taken out for extraction using the modified Baermann tray method (Coyne et al., 2007). Extracted 
nematodes from both plant and soil were counted from the resulting extract. The total number of nematodes in 
soil was estimated for the 1 kg bulked soil and summed with the number of nematodes counted from plant root 
and tubers. Reproductive factor was thereafter calculated using  

RF = Pf/Pi where Pf is the total final nematode population per variety and Pi is the initial inoculum. Host status 
was assigned based on a modified scheme following the Canto-Saenz (1983) scheme, Resistant = RF ≤ 1, GI ≤ 2; 
Tolerant = RF ≤ 1, GI ≥ 2; Susceptible = RF ≥ 1, GI ≥ 2. 

Data on nematode counts were transformed using √x + 1 before analysis. Data collected were submitted for 
analysis of variance for all the treatments and the means were separated using the Student-Newman-Keuls Test at 
P = .05. Statistical analysis was conducted using SAS program (SAS Institute Inc., 2014). 

3. Results 
The number of leaves were not significantly different between inoculated and uninoculated plants (P = 0.86). In 
the first trial, percentage survival of plants from bags with Meloidogyne-inoculated plants was lower (P = 0.05) 
compared to uninoculated plants, and in the second trial, the difference was not significant (Figure 1). The 
number of tubers was more in the second compared to the first trial but the differences between treatments were 
not significant. The tuber weight in the second trial was also greater than in the first, however tubers from 
uninoculated plants weighted more than those produced from inoculated plants. The difference was however 
significant only in the second trial.  

Tuber weight of the yam cultivars varied in both trials. Differences in tuber weight between inoculated and 
uniniculated plants also varied widely in the two trials (Table 1). In addition two cultivars used in the first trial 
were unavailable in the second trial, while four cultivars included in the second trial were unavailable during the 
period of the first trail. Yam variety TDr 99/02562, TDr 02/00515, and TDr 06-15 had significantly (P = 0.05) 
more tuber weight among inoculated accessions in the first trial (Table 1) than other accessions although they 
were not significantly higher than Ufenyi and TDr 03/00058. Uninoculated (control) plants in the first trial for 
cultivars TDr 99/02562, TDr 89/02674, TDr 03/0019, TDr 89/02157 and TDr 97/00917 had significantly (P = 
0.05) more yield than other accessions except for TDr 89/02665 and TDr 97/00793. In the second trial, 
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inoculated Alumaco and TDr 97/00917 had significantly (P = 0.05) heavier tuber weight compared to most (24) 
of the accessions. 

 

    

 

Figure 1. Percentage vine survival (A), and number (B) and weight of tubers (C) of yam plants inculated with 
Meloidogyne spp. using single node vine cuttings in two trials 

 

For uninoculated (control) plants in the second trial, the yield of TDr97/00917 was significantly (P = 0.05) higher 
than eight other accessions but not significantly different from the remaining accessions. There were no 
significant differences between tuber weight of inoculated versus control in 13 and 12 of the varieties in the first 
and second trials respectively. Of these, only two (TDr 96/00582 and TDr 99/02789) reacted similarly in both trials. 
Where significant differences occurred, uninoculated tubers generally weighed more than inoculated tubers 
although greater tuber weight was observed in 10 of the cultivars that were inoculated compared to their control in 
the first trial while 12 cultivars fell into this category in the second trial.  

Galling index, nematode populations and nematode reproductive factor were significantly higher in tubers from 
inoculated bags compared to the control (Figure 2). Trends for galling index and reproductive factor were similar 
in both trials, however the number of nematode recovered from roots and tubers in the second trial was greater 
than the first trial.  

The tubers harvested from the first trial were not heavily galled (GI = 1-2) the most heavily galled tubers were 
from TDr 89/02677 with GI of 2.75 (Table 2). Nematode populations were low, and reproductive factor was ≤ 1 
for cultivars TDr 98/00205, TDr 07/00168, TDr 03/00180, TDr 08-3-6, and TDr 01/00405 and were designated as 
resistant in the first trial (Table 1). Cultivars TDr 94/01108 and TDr 99/02562 were designated as tolerant due to 
reproductive factor > 1. Among the susceptible cultivars, TDr 89/02672 had the highest nematode populations and 
reproductive factor. Similar to the first trial, TDr 98/00205, TDr 03/00180.  
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Table 1. Tuber weight (g) of yam varieties inoculated with Meloidogyne spp. in the first and second trial 

Accession 
First Trial  Second Trial 

Control 
Meloidogyne 
-inoculated 

 
Control 

Meloidogyne 
-inoculated 

TDr 00/00539 - - -  1.05 1.38 * 

TDr 96/00604 - - -  1.55 0.86 * 

TDr 97/00925 - - -  1.72 1.92 ns 

TDr 97/01715 - - -  0.93 0.44 ns 

TDr 96/00582 0.11c 0.07b ns  0.66b 0.90c ns 

Makakusa 0.14c 1.12b *  2.19ab 0.96bc * 

Alumaco 2.15ab 1.82b *  2.22b 4.17a * 

TDr 95/19158 0.15c 0.72b *  2.70ab 1.64bc * 

TDr 99/02789 0.15c 0.11b ns 1.27ab 1.41bc ns 

TDr 89/02677 0.16c 1.42b *  0.79b 1.68bc * 

TDr 98/00933 0.17c 0.93b ns  2.73ab 1.30bc * 

TDr 08-3-6 0.18c 0.02b ns  2.50ab 1.54bc * 

Agbawonbe 0.19c 0.78b ns  - - - 

TDr 99/02607 0.19c 0.82b ns  0.77b 1.32bc * 

TDr 89/02475 0.20c 1.17b *  1.42ab 0.75c * 

TDr 95/18544 0.24c 0.08b ns  1.39ab 0.89c * 

TDr 95/01932 0.25c 0.07b ns  2.14ab 1.52bc * 

TDr 01/00405 0.28c 1.43b *  1.84ab 1.55bc ns 

TDr 98/00205 0.28c 0.20b ns 1.12ab 0.37c * 

Pouna 0.32c 0.96b *  - - - 

TDr 95/19177 0.32c 1.31b *  1.47 ab 1.22bc ns 

TDr 02/00515 0.40c 7.22a *  1.80ab 1.59bc ns 

TDr 07/00168 0.41c 0.06b ns 2.02ab 1.22bc * 

Amula 0.43c 0.85b ns  2.22ab 4.17a * 

TDr 96/01817 0.49c 0.07b *  0.88b 1.87bc * 

TDr 94/01108 0.52bc 0.02b *  1.38ab 1.75bc * 

TDr 99/02562 0.80bc 7.80a *  2.14ab 1.59bc * 

TDr 03/00180 0.90bc 0.08b *  1.02ab 0.66c * 

TDr 03/00058 0.91bc 3.45ab *  0.95b 0.63c ns 

TDr 97/00940 0.97bc 1.30b * 1.05ab 2.10b * 

TDr 97/00840 1.21bc 0.96b *  1.47ab 2.24b * 

TDR 06-4 1.42 b 1.86b ns  - - - 

Ufenyi 1.48b 4.51ab *  1.21ab 1.12bc ns 

TDr 07/00873 2.13ab 0.10b *  1.60ab 2.25b * 

TDr 00/00362 2.17ab 0.69b *  1.21ab 1.37b ns 

TDr 89/02672 2.38ab 1.10b *  1.88ab 1.74bc ns 

TDr 89/02665 2.50ab 1.55b *  1.92ab 2.39b * 

TDr 06-15 2.58ab 6.23a *  1.71ab 0.37c * 

TDr 00/00403 2.84ab 0.21b *  0.75b 2.82b * 

TDr 97/00793 2.94ab 0.23b *  1.38ab 0.96c * 

TDr 99/02674 3.84a 1.72b *  1.42ab 1.09bc * 

TDr 03/00196 4.01a 1.70b *  2.40ab 1.14bc * 

TDr 89/02157 7.33a 1.16b * 1.07ab 0.84c * 

TDr 97/00917 7.91a 1.07b *  3.81a 1.19bc * 

Note. Means with same letter in a row are not significantly different at P = 0.05 using the 
Student-Newman-Keuls Test; ns = no significant difference, * = significant difference between treatments; TDr = 
Tropical Dioscorea rotundata.  
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Figure 2. Damage and nematode populations of tubers infected with Meloidogyne spp. in two trails of the nodal 
vine cutting system 
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Table 2. Nematode population, gall index, reproductive factor and host status of accessions innoculated with 
Meloidogyne spp. in the first Trial  

Accession Gall-Index Nematode Count Reproductive factor Host status 

TDr 98/00205 1.00c 3533.19d 0.71c Resistant 

TDr 07/00168 1.00c 3268.14d 0.65c Resistant 

TDr 03/00180 1.50bc 4769.11d  0.95c  Resistant 

TDr 08-3-6 1.00c 3709.06d 0.74c Resistant 

TDr 01/00405 1.25bc 4125.28cd 0.83bc Resistant 

TDr 94/01108 1.50bc 4834.25d 1.01c Resistant 

TDr 99/02562 1.50bc 5299.37d 1.06c Tolerant 

TDr 07/00873 2.00ab 6623.11d 1.33bc Susceptible 

TDr 95/01932 2.00c 7948.10cd 1.59bc Susceptible  

TDr 95/19177 2.00ab 8478.01cd 1.70bc Susceptible 

Makakusa 2.00ab 8655.23cd 1.73bc Susceptible 

TDr 95/19158 1.25bc 8743.41cd 1.75bc Susceptible 

TDr 06-4 2.00ab 9979.57cd 2.00b Susceptible 

Alumaco 1.25bc 12540.08cd 2.51b Susceptible 

TDr 00/00362 2.00ab 12717.06cd 2.54b Susceptible 

TDr 97/00840 2.00ab 12894.25cd 2.58b Susceptible 

TDr 89/02677 2.75a 13865.18cd 2.77b Susceptible 

TDr 02/00515 2.00ab 14130.42cd 2.83b Susceptible 

TDr 96/00582 2.00ab 15366.27cd 3.07b Susceptible 

TDr 99/02789 2.00ab 15543.05cd 3.11ab Susceptible 

TDr 03/00196 2.00ab 15720.41cd 3.14ab Susceptible 

TDr 89/02157 2.00ab 16161.12bc 3.23ab Susceptible 

Agbawonbe 2.00ab 16691.07bc 3.34ab Susceptible 

TDr 89/02475 2.00ab 17044.04bc 3.41ab Susceptible 

TDr 99/02607 2.00ab 17574.15bc 3.51ab Susceptible 

Ufenyi 1.25bc 17574.36bc 3.51ab Susceptible 

TDr 98/00933 1.25bc 18016.43bc 3.60ab Susceptible 

TDr 97/00917 2.00ab 18634.06bc 3.73ab Susceptible 

Amula 2.00ab 18899.08bc 3.78ab Susceptible 

TDr 03/00058 2.00ab 19164.23bc 3.83ab Susceptible 

Pouna 2.00ab 19252.27bc 3.85ab Susceptible 

TDr 97/00793 2.00ab 19694.14ab 3.94ab Susceptible 

TDr 95/18544 2.50ab 20842.36ab 4.17ab Susceptible 

TDr 99/02674 1.50bc 24021.32ab 4.80a Susceptible 

TDr 97/00940 2.00ab 24904.30ab 4.98a Susceptible 

TDr 96/01817 2.00ab 25434.02ab 5.09a Susceptible 

TDr 89/02665 1.75b 25522.10ab 5.10a Susceptible 

TDr 00/00403 2.00ab 25876.33ab 5.18a Susceptible 

TDr 06-15 2.00ab 30203.05ab 6.04a Susceptible 

TDr 89/02672 1.75b 36915.17a 7.38a Susceptible 

Note. Values are means of three replicates. Means with same letter in the same column are not significantly 
different at P = 0.05 using the Student-Newman-Keuls Test. Reproductive factor (RF) = Pf /Pi where Pf is final 
nematode population (in soil, roots and tubers) and Pi is initial population. Damage score: 1 = 0% damage, 2 = 
1-10% damage, 3 = 11-30% damage, 4 = 31-60% damage, 5= 61-100% damage. Host Status Scheme: Resistant 
= RF ≤ 1, GI ≤ 2; Tolerant = RF ≤ 1, GI ≥ 2; Susceptible = RF ≥ 1, GI ≥ 2.  
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Table 3. Nematode population, gall index, reproductive factor and host status of accessions innoculated with 
Meloidogyne spp. in the second trial 

Accession Gall-Index Nematode Count Reproductive factor Host status 

TDr 01/00405 2.00bc 1240.26b 0.25d Resistant 

TDr 08-3-6 2.00bc 1265.16b 0.25d Resistant 

TDr 94/01108 2.00bc 1340.18b 0.27d Resistant 

TDr 98/00205 1.00c 1340.41b 0.27d Resistant 

TDr 03/00180 1.00c 1360.15b 0.27d Resistant 

TDr 96/00582 2.00bc 1365.22b 0.27d Resistant 

TDr 02/00515 2.00bc 6215.15b 1.24d Susceptible 

TDr 97/01715 2.00bc 6225.46b 1.25d Susceptible 

Alumaco 2.00bc 6245.04b 1.25d Susceptible 

TDr 89/02665 2.00bc 6265.11b 1.25d Susceptible 

TDr 89/02677 3.00ab 7265.41b 1.45d Susceptible 

TDr 89/02157 2.00bc 7340.25b 1.46d Susceptible 

TDr 96/01817 1.25c 10030.42b 2.00cd Susceptible 

TDr 07/00873 2.70ab 10180.39b 2.04b Susceptible 

TDr 00/00539 3.00ab 10490.87b 2.10d Susceptible 

TDr 06-15 2.75ab 10495.13b 2.10d Susceptible 

TDr 07/00168 1.53bc 16490.21ab 2.30c Susceptible 

TDr 99/02674 2.50ab 11500.12b 2.30d Susceptible 

TDr 99/02789 2.50ab 11510.37b 2.30d Susceptible 

TDr 95/01932 2.50ab 12025.29b 2.41d Susceptible 

TDr 00/00403 2.50ab 12120.33b 2.42d Susceptible 

TDr 95/19177 3.55a 12475.28b 2.48d Susceptible 

TDr 89/02672 2.25bc 12575.28b 2.50d Susceptible 

TDr 97/00840 2.00bc 12620.08b 2.52d Susceptible 

TDr 03/00196 2.00bc 12650.11b 2.53d Susceptible 

TDr 03/00058 2.00bc 12660.10b 2.53d Susceptible 

TDr 96/00604 2.00bc 12780.32b 2.55d Susceptible 

TDr 97/00793 2.50ab 13115.32b 2.62cd Susceptible 

TDr 95/18544 2.50ab 13400.17b 2.68cd Susceptible 

Ufenyi 2.00bc 13545.14b 2.71cd Susceptible 

Amula 2.00bc 13675.40b 2.74cd Susceptible 

TDr 00/00362 2.70ab 13910.38ab 2.78cd Susceptible 

TDr 95/19158 4.00a 13995.23ab 2.80cd Susceptible 

TDr 89/02475 3.00ab 14190.01ab 2.84cd Susceptible 

TDr 89/00933 2.00bc 14270.08ab 2.85cd Susceptible 

TDr 99/02562 2.75ab 17390.27a 3.48c Susceptible 

TDr 97/00917 2.00bc 17830.32a 3.57c Susceptible 

TDr 97/00940 2.00bc 18735.18a 3.75c Susceptible 

TDr 99/02607 3.75a 22380.36a 4.48a Susceptible 

Note. Values are means of three replicates. Means with same letter in the same column are not significantly 
different at P = .05 using the Student-Newman-Keuls Test. Reproductive factor (RF) = Pf/Pi where Pf is final 
nematode population (in soil, roots and tubers) and Pi is initial population. Damage score: 1 = 0% damage, 2 = 
1-10% damage, 3 = 11-30% damage, 4 = 31-60% damage, 5 = 61-100% damage. Host Status Scheme: Resistant 
= RF ≤ 1, GI ≤ 2; Tolerant = RF ≤ 1, GI ≥ 2; Susceptible = RF ≥ 1, GI ≥ 2.  
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susceptible to the root-knot nematode than D. alata, D. cayenensis and D. bulbifera (Ogbuji, 1978). The resistant 
reaction of the five cultivars may be due to the presence of resistant genes which can be utilized by breeders 
along with desirable agronomic characteristics to develop varieties with better performance against this 
constraint. Development of D. rotundata varieties with nematode resistance is valuable in managing root-knot 
nematode populations and limiting their damage on succeeding crops in intensive cropping systems with limited 
use of chemicals. One cultivar TDr 99/02562 was designated as tolerant in the first trial but did not maintain this 
status in the second trial. The tuber weight for this particular variety was the highest in the first trail. Probably, 
early tuberization of the variety may have resulted in avoidance of penetration of many juveniles. Conversely, 
TDr 07/00168 which was resistant only in the first trial may have been due to the very small tuber size, implying 
that there may have been a delay in tuberization and probably nematode infestation compared to the second trial.  

The use of vine cuttings as planting material for the study was found to be an effective method for evaluating the 
reaction of yam germplasm to the root-knot nematode. The use of hanging bags as a substitute of conventional 
pots, increased the efficiency of the space in the screenhouse because the bags were organized in layers. One bag 
also represented a replicate containing 10 plants, thus reducing the variability of the results. It also has great 
potential for research (Behera et al., 2009) as the technique offers a solution to the various challenges in using 
the conventional method of planting mini-setts in pots or fields. These challenges include uneven sprouting of 
tubers, sufficient replication due to insufficient tubers, nematode inoculum requirement per plant, and space 
requirements for large number of accessions. The method also eliminates the waiting time for dormancy 
breaking in tubers compared to if tubers or setts are used. When tubers of required varieties are few or scarce, the 
use of vine cuttings can serve to provide enough planting material for experimental purposes, especially for 
screening for disease resistance while obtaining similar results as for conventional screening methods.  
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