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Abstract 

Amongst the most important factors affecting yield of tropical tubers, soil moisture is considered as a 
vital factor that could impose a significant impact ontuber yield.Screening of thirty-two genotypes of 
Dioscorea alata was carried out for their varied responses to moisture stress at the International Institute 
of Tropical Agriculture, Ibadan, Nigeria. Perforated pots filled with 5kg of sterilized soils were irrigated 
and left to equilibratefor 24 hours. Thirty yam setts of 40g were prepared from each genotype. The setts 
were pre-germinated for 3 weeks in sterile carbonized rice husk medium. After transplanting, each vine 
was passed through the hollow part of short poly vinyl chloride (PCV) pipes, and the pots were tightly 
wrapped with transparent polyethene bags to prevent moisture loss. The design of the experiment was 
randomized complete block with three replicates. The experiment was maintained within a glasshouse 
for three months without further watering. Data collected include: weekly pot weight, number of days 
to wilting, interval leaf counts, vine length and leaf area, shoot and root weight. The data were 
subjected to analysis of variance and multivariate cluster analysis. The 32 genotypes differed 
significantly (P<0.01) with respect to the seven phenotypic traits. Four clusters emerged from the 
grouping of the 32 genotypes. Genotypes in cluster three had the best performance for biomass yield 
(37.05g), fresh shoot weight (21.43g) and vine length (127.62 cm) and could be potential materials for 
selection as drought tolerant genotypes. These genotypes include: TDa 03/00185, TDaOlesunle, 
TDaSagbe, TDa 93-36, TDa 00/00060, TDa 03/00090, TDa 00/00104, TDa 98/01166, TDa 00/00045 and 
TDa 00/00064. 
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Introduction 

Yam (Dioscorea spp.) is a multi-species crop that originated fromAfrica and Asia before spreading to 
other parts of the world (Hahnet al., 1987). Water yam (Dioscorea alata L.)is the most widespread species 
throughout the world but second to the white yam in Africa. The tuber shape is generally cylindrical, 
but can be extremely variable. The tuber texture is watery and flesh colour is usually white. 

Altered and unpredicTable weather patterns can increase crop vulnerability to pests, diseases and the 
effects of extreme climate events such as high temperatures, droughts and torrential rains have become 
contemporary issues (Rosenzweiget al. 2001). Drought will cause shifts in areas suiTable for cultivation 
of a wide range of crops. Although majority of new crop varieties released have been bred for improved 
resistance to pests and diseases, yet it is claimed that abiotic stress is the primary cause of crop loss, 
reducing average yields of most major crops by more than 50% (Wang et al., 2003). This proportion will 
rise with increasing irregularity and frequency of extreme climate events.Amongst the most important 
factors affecting yield of tropical tubers, soil moisture is considered a vital factor (Turner, 2000) as it 
affects root development and hence could impose a significant impact on yam tuber yield (Yamauchi et 
al., 1996). 

Food production and sustainability is being grossly affected by the changing global climate. The need to 
make drought tolerant genotypes available for environments where less water is available is therefore 
necessary to enhance food security. Consequently, breeders need to urgently turn their attention to the 
introduction of drought and heat resistance into yam varieties to reduce losses of yield from climate 
change impacts and to allow cultivation in areas that are not currently suiTable or may become 

mailto:irukaodoh@yahoo.com


Joint proceedings of the 27th Soil Science Society of East Africa and the 6th African Soil Science Society 

 
Transforming rural livelihoods in Africa: How can land and water management contribute to enhanced food security and address 

climate change adaptation and mitigation? 
Nakuru, Kenya. 20-25 October 2013 

2 

unsuiTable. This study was therefore carried out to screen D. alata varieties for drought tolerance with a 
view to supplying farmers with selected ones in order to address food insecurity.  

Materials and methods 

Study site and soil preparation  

This study was carried out in a glasshouse at the International Institute of Tropical Agriculture (IITA), 
Ibadan, Nigeria. Soil samples were collected from an experimental plot at IITA, Ibadan in the derived 
savanna of Nigeria. The soils were sieved through a 2 mm sieve and filled into containers of 6 kg 
capacity. Chemical and physical properties of the collected soil  showed the soil to be neutral (pH =7) 
and predominantly loamy sand (790 g kg-1 sand) with organic carbon, total nitrogen, available P, Ca, 
Mg, Na and ECEC all below critical level.  

Experimental procedure and Treatments 

Thirty-two genotypes (26 IITA improved lines and 6 landraces) of Dioscorea alataobtained from IITA 
were used for the trial. Yam tuber of each genotype was cut into 40 g setts, with a knife.  The yam setts 
were planted in sterile growth medium (carbonized rice husk) for three weeks to sprout before 
transplanting into the 5 kg capacity pots. Sprouted yam setts were selected based on their growth and 
shoot vigour.  Each pot was irrigated and left to equilibrate for 24 hours after which sprouted yam were 
planted. Short polyvinyl chloride (PVC) tubes were passed through each sprouted vine and fixed at the 
base. Each pot was wrapped with transparent polyethylene (poly) bag which was in turn tightly fixed 
on the PVC tubes using twines, and then firmly secured onto the pots using masking tape.  

Tubes were insulated using cotton wool, leaving only a smallopening at the top for vine growth. The 
plastic bagging was to minimize water loss from the soil surface.  The initial pot weights were taken 
with a sensitive weighing balance. The trials were arranged in a randomized complete block design 
with three replications. The plot size was 5 pots. The experiment lasted for 90 days. 

Data collection 

Data collected were pot weights, plant survival rate and vigour (assessed by scoring with a scale of 1 –
very weak, 2 – weak, 3 – moderate, 4 - vigorous and 5 – very vigorous), number of leaves and length of 
vine (measured fortnightly).Leaf area, root and shoot weight were measured at the end of the 
experiment, 90-days after transplanting. 

Harvesting  

Each plant was cut at the base of the pot and the leaves and vines separated.   Roots were collected after 
emptying the soil mass on a 2 mm wire mesh and washed under a water tap prior to weighing.  

Statistical analysis 

Statistical analysis was carried out using SAS package (SAS, 9.2). Multivariate cluster analysis was used 
and clusters formed using a mixed model where genotypes were considered as fixed effects and 
replicates as random effects. The canonical analysis of the data set was used to display the clusters in 2 
dimensional graphics. 

Results 

The 32 genotypes differed significantly (P<0.01) from oneanother with respect to the overall means of 
the seven phenotypic traitsassessed during the study (Table 1). The seven traits measured included 
plant weight (30.94 g), shoot fresh weight (18.24 g), leaffresh weight (11.06 g), root fresh weight (12.7 g), 
plant vigour (0.86), vine length (95.79 cm) and total leaf area (931.82 cm2) (Table1).Five (TDa00/00045, 
TDa03/00090, TDa03/00185, TDa93-36 and TDa02/00012) of the 32 genotypes had means which were 
higher than the grand means for each of the traits. On the other hand, the performance of five other 
genotypes (TDa291, TDa00/00046, TDa02/00006, TDa05/00086 and TDa05/00141) was far below the 
grand mean for each of the phenotypic traits.  
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Table1: Mean values of the morphological traits of the screened thirty- two D. alata 
genotypes 

Genotype 
Shoot fresh 
weight 

Leaf fresh 
weight 

Root fresh 
weight 

Plant 
vigour + 

Vine 
length  

Total leaf 
area 

 g/pot  cm cm2 

TDa 291 13.5 8.7 9.6 1.7 63.5 573.2 

TDa 00/00046 11.5 8.6 10.9 2.7 53.5 597.0 

TDa 00/00066 15.2 8.1 10.3 3.3 51.5 1003.6 

TDa 01/00015 16.7 10.2 16.4 1.7 66.1 706.6 

TDa 02/00006 17.4 10.7 6.6 3.3 50.5 712.5 

TDa 02/00246 12.0 7.4 12.9 2.0 84.6 639.8 

TDa 05/00086 13.4 8.9 6.6 1.7 66.2 467.5 

TDa 05/00141 13.8 8.9 14.8 3.3 72.2 579.4 

TDa 00/00103 16.1 11.2 10.2 1.7 60.1 890.2 

TDa 02/00088 18.4 11.2 9.0 4.0 84.6 1056.6 

TDa 02/00092 18.4 12.3 15.9 4.0 87.7 667.4 

TDa 02/00151 18.5 12.2 9.3 1.3 79.0 673.2 

TDa 05/00048 18.4 12.5 13.7 4.7 79.4 942.8 

TDa 98/01176 18.8 11.6 12.5 2.0 72.3 1106.7 

Kesofunfun 19.8 11.9 16.6 2.0 69.2 998.0 

Lotosson 18.5 10.2 13.9 3.0 101.9 621.6 

Agara white 19.2 12.2 9.6 2.7 98.6 960.8 

TDa 00/00045 22.7 13.6 15.6 3.3 112.7 1180.2 

TDa 00/00060 19.7 12.4 13.5 4.3 119.3 909.5 

TDa 00/00064 22.9 13.4 13.1 2.7 116.6 958.1 

TDa 00/00104 21.8 12.1 15.5 2.3 173.0 782.2 

TDa 03/00090 18.9 11.5 24.2 2.3 101.7 1302.1 

TDa 03/00185 24.7 13.4 13.2 4.7 144.2 1382.8 

TDa 93-36 21.4 13.1 16.0 3.0 148.9 973.3 

TDa 98/01166 22.2 13.1 13.3 2.3 111.1 921.7 

Olesunle 19.0 10.4 19.3 1.7 95.1 1199.2 

Sagbe 21.1 12.4 12.7 1.7 153.7 931.0 

TDa 297 14.4 9.5 7.7 3.3 106.3 1113.2 

TDa 00/00194 21.6 11.9 8.7 4.0 145.7 1187.9 

TDa 02/00012 18.5 11.6 14.0 3.3 102.7 1164.8 

Agara red 19.8 10.3 8.0 2.3 120.7 978.9 

Sharmgbagada 15.7 8.5 12.9 3.0 72.7 1636.4 

Mean 18.2 11.1 12.7 2.8 95.8 931.8 

SE 1.89 1.13 1.25 0.34 22.37 192.93 

P-Value <.0001 0.0005 <.0001 0.0005 0.0039 0.0024 

SE= Standard error of the mean  + Values in the Table are transformed means of subjective scores (1-5 
where 1 = poor, 2 = weak, 3 = moderate,   4 = good, 5 = excellent) 

 

Cumulatively, the two canonical axes (Can 1 and Can 2) explained 96% of the total variation among the 
genotype. Can 1 separated genotypes in Group 1 from those in Group 3. Genotypes in group 2 and 4 
were dispersed. Group 4 genotypes were located northward of Can2 while genotypes TDa00/00103 and 
Agara white were aligned on the Can 2 axis. Genotype TDa02/00088 fell northward of the equatorial 
axis (Can 2). The remaining six genotypes in Group 2 fell southward of Can 2. The highest diversity 
exists between genotypes in Groups 1 and 3. The first two canonical axes are most important in 
classifying the 32 D alata genotypes; the first explained 79% of the total variation, the second 17% (Table 
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2). The discriminatory role of each trait in the classification of the 32 genotypes was revealed. Traits of 
higher importance in Can 1 are fresh leaves weight, fresh shoot weight, and plant weight and vine 
length while in Can 2, plant vigour and total leaf area were important in discriminating the 32 
genotypes. The role of fresh root weight was negligible in discriminating between the 32 genotypes. 

Table 2: Eigenvalues, proportion of variation explained by each canonical axis and coefficients of 
correlation between original and canonical variables of D. alata genotypes 

Canonical Axes Eigenvalue Proportion of variance  

Can 1 7.57 79.02 (%) 

Can 2 1.63 16.96 

 Coefficient of correlation 

Variables Can 1 Can 2 

Leaf fresh weight 0.47 0.53 

Root fresh weight 0.18 0.28 

Shoot fresh weight 0.53 0.29 

Plant vigourat12 WAP 0.20 0.30 

Vine length 0.48 0.15 

Total leaf area 0.34 0.36 

WAP: weeks after planting Can: canonical 
 

Genotypes in Group 3 had the best performances for most of the traits (Table 3). The significantly 
higher  performance of genotypes in Group 3 were observed in mean plant weight (37.05g), shoot fresh 
weight  (21.43g), leaf fresh weight (12.54g), root fresh weight (15.63g) and vine length 127.62cm. The 
mean of genotypes in Group 4 was however higher than those in group 3 for plant vigour.Genotypes in 
Group 1 had a significantly lowest mean values for shoot fresh weight (14.18g), leaffresh weight (8.92g), 
vine length 63.52 cm and total leaf area (659.95cm2) compared to the other groups. Generally, the 
performances of genotypes in groups 2 and 4 for the six traits were intermediate. 

Table 3: Means of the four groups of D. alata genotypes generated by cluster analysis 

Groups Shoot fresh wt  Leaf fresh wt  Root fresh wt  Plant vigour Vine length Total leaf area 

 g/plant  cm cm2 

1 14.2 8.9 11.0 0.6 63.5 660.0 

2 18.5 11.7 12.3 0.7 81.4 879.7 

3 21.4 12.5 15.6 1.0 127.6 1054.0 

4 18.0 10.4 10.3 1.2 109.6 1216.3 

Mean 18.0 10.9 12.3 0.9 95.5 952.5 

Sdev 3.0 1.6 2.4 0.3 28.6 238.6 

uppL 21.0 12.5 14.7 1.2 124.1 1191.1 

lowL 15.0 9.3 9.9 0.6 67.0 713.9 

*Sdev: standard deviation; uppl: upper limit; lowl: lower limit 

 

The relationship among the seven traits is presented in Table 4. Total plant weight correlated positively 
and significantly (P<0.001) with fresh shoot weight (r = 0.77), fresh leaf weight (r = 0.70), fresh root 
weight (r = 0.83) and vine length(r = 0.56). The correlation (r = 0.45) of plant weight with leaf area was 
significant at P = 0.05 (Table 4). The correlation of the fresh shoot weight with fresh leaf weight (r = 

Ten 
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0.89), vine length (r = 0.73) and total leaf area (r = 0.47) were positively significant (P<0.001). The fresh 
leaf weight correlated positively and significantly (P<0.001) with the length of the vine. On the other 
hand, the plant vigour positively and significantly (P<0.05) correlated with vine length (r = 0.44) and 
leaf area (r = 0.43) (Table 4). 

Table 4: Correlationcoefficients among the six traits of D.alata genotypes 

  Shoot fresh weight leaves fresh weight Root fresh weight Plant Vigour Vine length 

Leaf fresh weight 0.90***     

Root fresh weight 0.29ns 0.27ns    

Plant vigour 0.33ns 0.31ns 0.20ns   

Vine Length 0.72*** 0.58*** 0.22ns 0.45*  

Leaf area 0.46** 0.30ns 0.27ns 0.42* 0.31ns 

***: significant at <0.001, **: significant at 0.01, *: significant at 0.05, no significant effect 

 

Discussion 

Moisture stress imposition resulted in variation among the 32D. alata genotypes used in this study. 
According to Abo-Ghalia and Khalafallah (2008)the application of water stress to yams has been 
identified to reduce all growth parameters and plant productivity. The variation in response of plants to 
water stress is an indicator for selecting potentially drought tolerant genotypes. The seven phenotypic 
traits distinguished the 32 genotypes of D. alata, leading to the grouping of the genotypes.The weight of 
the leaves shoot and roots are the basic components which determine the biomass. Some of the 
genotypes performed poorly under moisture stress. Poor performance was observed among genotypes 
in Group 1 and 2 for most of the traits. Thiswould have resulted from the cessation of the initiation of 
new leaves and a decrease in the expansion of individual leaves as a result of water stress. Studies have 
also shown that water stress reduces plant growth and yield of sweetpotato (Weisz et al., 1994; Nadler 
and Heuer, 1995). Leaf growth is one of the first processes affected by water stress (Vajrabhayaet al 
2001). This study shows that genotypes in Group 3 and 4 had higher overall performance for growth 
and yield parameters such as vine length, plant vigour, and total leaf area, shoot and leaves fresh 
weight. The high performance recorded for the genotypes in these groups imply that they had better 
efficiency in accumulating assimilates for higher biomass under water stress conditions than in the 
others. Jefferies and Mackerron (1993) also reported that drought tolerant genotypes consistently 
showed less growth reduction than other genotypes.  

Conclusions and recommendations 

The study showed that yam genotypes varied significantly in growth under water stress conditions.  
Based on their performance, four groups of genotypes were observed from the 32 genotypes. Genotypes 
03/00185, Olesunle, Sagbe, 93-36, 00/00060, 03/00090, 00/00104, 98/01166, 00/00045 and 00/00064 had 
the highest overall performance. Such genotypes with good performance are potential candidates to be 
selected for moisture stress tolerance or for planting in semi-dry regions of Africa.  
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