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Abstract— The effect of drought on most agricultural 

crops results inmany problems for the producers in 

Nigeria and even other parts of the world. These problems 

include reduced vegetative parameters and yield loss 

which consequently lead to reduced income for the 

growers of the crops. The most direct way of avoiding 

drought is to discover or create drought tolerant varieties 

of sweet potato. Sweet potato is a crop which is part of the 

Nigerian diet due to its perceived nutritive values. A field 

experiment was carried out in Bowen University, Iwo to 

evaluate different cultivars of sweet potato for drought 

tolerance. The experimental design was laid in 

Randomized Complete Block Design with three replicates 

and three treatments including the mild water stress (32 

days of drought), severe water stress (from the day of 

drought till harvest) and nowater stress (control). Results 

showed that under the control treatment, the highest yield 

was from the Local variety 1 with 127.63 g while the 

lowest yield under control was from Local variety 2 with 

39.20 g. Under the mild water stress, the highest yield was 

from Introduced variety 1 with 272.46 g while the lowest 

yield was from Local variety 2 with 59.66 g. Under the 

severe water stress, the highest yield was from Local 

variety 1 with 41.15 g while the lowest yield was from 

Introduced variety 1 with 0 g. The highest yield among the 

three treatment methods was under the mild water stress 

treatment from Introduced variety 1 with 272.46 

g.Therefore, variety 3, the local variety, is recommended 

under severe drought based on the above reason but under 

moderate drought,the Introduced variety i.e. variety 1 

(orange fleshed sweet potato) is preferred because it had 

the highest yield and is also of high nutrient content 

compared to the other varieties. 

Keywords— drought, field experiment, sweet potato, 

tolerance. 

 

I. INTRODUCTION 

Sweet potato (Ipomea batatas [L.] Lam.) is an 

economically important crop in the world and particularly 

in Nigeria. Sweet potato occupies the position of seventh 

most important crop in terms of global production and in 

developing countries it ranks third in value of production 

and fifth in caloric contribution to the human diet [1]. 

Uganda, Nigeria, Tanzania, Angola, Burundi, 

Mozambique, Madagascar, Rwanda and Ethiopia, China, 

Indonesia, Viet Nam, India, USA and Japan are the top 15 

sweet potato producers in the world [2]. It contributes 

significantly to the agricultural production of Sub Saharan 

Africa countries with roughly 3.2 million hectares and a 

production estimated at 13.4 million tons of tubers in 2005 

[3]. A lot of root tubers are harvested per unit area and per 

unit time during relatively short periods of rain, meaning 

that it can withstand occasional drought, and is much more 

productive in less fertile soil than crops such as maize [4]. 

Sweet potato is considered as one of the major sources of 

food, animal feed and industrial raw materials. It has a 

significant contribution as an energy supplement and a 

phytochemical source of nutrition. It provides strong 

nutrients and ultimately good health to those who eat it. It 

possesses anti-carcinogenic and cardiovascular disease 

preventing properties [5]. 

Sweet potato is one of the main foods cultivated 

and consumed by most Nigerians.It is not too difficult to 

grow and is of great potential industrially and 

economically and due to its significance and importance, 

sweet potato is increasing in Nigeria’s agriculture and food 

systems [6]. According to the survey conducted in six 

States in Nigeria by [7], the different forms of sweet potato 

utilization are boiling and eating with stew/palm oil, 

slicing and frying, roasting, boiling and eating as snack; 

boiling and pounding alone or with boiled yam/garri for 

eating with soup; cooking alone or with another crop to 

make pottage; slicing and sun-drying for milling into flour; 

feeding of vines and leaves to livestock; small tuberous 

roots as livestock feed; made into fufu like cassava; fresh 

leaves and young shoots consumed as vegetable. Also, in 

some African countries like Kenya, the storage roots are 

boiled and eaten, or chipped, dried and milled into flour 

which is then used to prepare snacks and baby weaning 

foods [8].  
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Sweet potato is considered as one of the major 

sources of food, animal feed and industrial raw materials. 

It has a significant contribution as energy supplement and 

phytochemical source of nutrition. It provides strong 

nutrients and thereby good health to those who eats it and 

possesses anti-carcinogenic and cardiovascular disease 

preventing properties [9]. Sweet potato varieties are 

outstanding source of vitamin C, B2, B6 and E, as well as 

dietary fiber, potassium, copper, manganese and iron, and 

are low in fat and cholesterol. The root parts of sweet 

potato contain 25-30% carbohydrates and 2.5-7.5% 

protein. In addition to this, it also supplies 200-300 mg 100 

g-1 of potassium, 0.8 mg 100 g-1 of iron (Fe), 11 mg 100 g-1 

of calcium (Ca) and 20-30 mg 100g-1 of vitamin C of its 

dry matter [10]. Industrially, Sweet potato yield starch, 

natural colorants, and fermented products such asbutanol, 

acetone, ethanol, wine, and lactic acid [11,12]. Leaves, 

stems, roots of sweet potato serve as livestock feed [13]. 

Leaf protein content of sweet potato contains twice that 

from the storage roots[14]. 

In spite ofthe high nutritious and economic 

potential of sweet potato, it faces with a lot of challenges 

and abiotic and biotic constraints such as drought, low soil 

nutrients, weeds, pests, diseases, lack of post-harvest 

storage facilities and improved varieties [15,16]. With 

climate change whose signs are already visible, 

agricultural production is facing alarming threats which 

can lead to serious problems of food insecurity [17] and 

unprecedented extreme hunger. Moreover, [18] reported 

that, Africa and especially West Africa will be seriously 

affected by the deleterious effects of climate change. The 

variability of climate change and the prevalence of 

extreme events, including drought, are a harsh reality for 

small farmers in Africa and in Nigeria who depend 

exclusively on rain-fed agriculture. Over the last decade, 

environmental stresses have become more frequent and are 

exacerbated by a rapid change in climate. It constitutes 

perhaps the most momentous environmental challenge of 

our time and poses serious threats to sustainable 

development worldwide and chiefly in most developing 

countries [19]. It has been estimated that drought is the 

most important environmental stresses and represents 70% 

of yield losses of cereal crops worldwide [20]. In addition, 

drought is regarded as environmental factors that leads to 

about 75% yield loss each year in the world [19]. The 2011 

Texas drought has caused a record $5.2 billion in farming 

losses, for example, making it the most costly drought on 

record [21]. Among different abiotic stresses, drought is by 

far the most complex and devastating worldwide [22]. 

It has been demonstrated that sweet potato crop is 

sensitive to water shortage in the course of establishment, 

vine development and storage initiation[23]. [24] also 

reported that the water scarcity during critical periods of 

growth leads to irreparable consequences on yield. 

According to [25] drought is the chief production 

limitation of sweet potato in the areas where agriculture 

mainly dependents on rainfall. [26] revealed that water 

stress in sweet potato reduces vegetative and yield 

parameters in terms of quantity and quality. A variety is 

considered as drought resistant when it can produce high 

yield under water stress [27].[28]showed that the yield of 

most crops has been used as indicator for drought 

tolerance. Henceforth, sweet potato varieties tolerant to 

water stress should be able to produce more quantity and 

quality yields under drought conditions. This could be 

discovered only through screening of sweet potato 

genotypes under managed water stress conditions [29]. 

Thus, identification of cultivar performance under drought 

conditions is thus considered to be of vital importance. 

Therefore, the aim of this study is to improve stability and 

increase production of sweet potato in Nigeria through the 

development of drought tolerant cultivars. More 

specifically, the objectives are to (1) Evaluate sweet potato 

cultivars for drought tolerance under field conditions and 

(2) identify sweet potato cultivars withhigh yield and high 

quality. 

 

II. MATERIALS AND METHODS 

Description of the experimental site 

The field experiment was carried out on sweet 

potato at Bowen University Teaching and Research Farm 

Iwo, Osun State, Nigeria. Iwo is a City in Osun State, 

Nigeria. The City formerly part of old Oyo State was later 

separated and became one of the major townships in Osun 

State, Nigeria. It has a latitude of 7° 38' 6.97" N and a 

longitude of 4° 10' 53.62" E. Rainfall and temperatures 

data were recorded daily from the date of planting till 

harvest. 

 

Plant material 

The material used in this study consisted of four (4) sweet 

potato cultivars. Two sweet potato cultivars (local variety 

1 and 2) were obtained from Iwo farmers and the two other 

cultivars were newly introduced (introduced variety1 and 

2). The introduced variety 1 is orange-fleshed cultivar 

which has been recognized as good sources of β-carotene, 

a precursor of vitamin A. 

 

Experimental design and water stress 

The soil was prepared, ploughed, harrowed and ridged. A 

Randomized Complete Block Design was used for the 

drought experiment. The experimental block unit was 10m 

by 2m with twelve beds. Each bed in a block measured 2m 

and the space between rows was 90cm and the space 

within a row was 30cm. There were three experimental 

blocks in total with 36 beds for the experiment and four 

cultivars of sweet potato. Sweet potato vines were cut to 

30cm long each and planted on the 30th of November, 
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2016 at the rate of six (6) vines per experimental unit with 

a depth of 15cm at a spacing of 30cm. The soil was 

thoroughly watered before planting. 

For the firm establishment, sweet potato plants were 

watered daily in the evenings for about a month and 11 

days i.e. from 1st of December 2016 to 11th of January 

2017.  

From January 12th 2017, there was imposition of water 

stress i.e. no watering of treatment 1 and treatment 2 while 

the treatment zero which served as control was watered 

daily in the evening until harvest. T1 was the mild drought 

stress and T2 was the severe moisture stress (no water was 

applied till harvest though there was some rainfalls toward 

the end of the experiment). In the mild moisture stress, 

drought was imposed for about a month and 6 days that is 

from January 12th to February 17th 2017. On the evening of 

February 17th, the watering of only T1 (mild drought 

stress) resumed again, therefore T0 (Control) and T1 

(mild-drought stress) were the only treatments being 

watered till the date of harvest which was the 10th of April, 

2017. 

 

Measurement of vegetative and reproductive 

parameters 

Data were collected on the following parameters; 

 Vine length- The length of two most vigorous vines 

were taken using a measuring tape. The length was 

measured from the point of soil contact to the apical 

tip. The vines were straightened so as to get 

accurate reading. 

 Petiole length- the stalk of the leaf was measured 

from the base of the leaf to the point of attachment 

to the stem. 

 Leaf length- The length was measured from the tip 

of the leaf to the base or bottom of the leaf 

 Leaf breadth- This was the measurement of the 

width of the leaf. The widest part of the bottom was 

measured from side to side. 

 Internode length- This was obtained by measuring 

the distance between the nodes of the vines. 

 Plant height- This was measured with a carpenters 

measuring tape, done by putting the tape on the 

ground and elongating the tape to check the height 

without straightening of the vine. 

 Fresh weight of the vines per plant: it is the weight 

of above ground biomass before drying in the oven 

using a scale 

 Dry weight of the vines after drying in the oven set 

at 850C for 4 days was also taken using a scale 

 Fresh weight of the roots harvested: it is the weight 

of all storage roots at harvest per plant 

 Dry weight of the root: it is weight recorded with a 

weighing balance after drying in the oven  

 Total fresh weight (total yield): It is the total weight 

of storage roots 

 Leaf tissue is most commonly used for RWC3 

determination, measured as follows. A sample of 

leaf tissue was taken and the fresh weight was 

immediately determined, followed by flotation on 

distill water for up to 4 hours according to methods 

of Smart and Bingham (1974). The turgid weight 

was then recorded after the 4 hours, and the leaf 

tissue was subsequently oven-dried to a constant 

weight at about 750 C for 48 hours. RWC was 

calculated by following formula: 

 
Statistical analysis 

All data recorded were subjected to statistical analysis 

using “R” software to identify significant difference 

among the sweet potato cultivars used under the three 

treatments. ANOVA was performed for the assessment of 

the variation at 0.05 level of probability using Newman-

Keuls Multiple Comparison-PostHOC test. In addition, 

Pearson correlation coefficient between traits measured 

was computed. 

 

III. RESULTS 

The temperature of Iwo in Osun state was 

recorded daily from the 12th of January till 10th of April as 

shown in Figure 1.From January to March, the period was 

very hot without recording any single rainfall. 

 

Plant height 

The mean plant height readings under the non-stress 

treatment are presented in Figure 2. The means for control 

ranges from 21.3 to 29.9 cm. The lowest 21.3 cm was 

recorded in variety 1 (introduced variety 1) and the highest 

29.9 cm was from variety 2. Under the mild water stress, 

the readings vary between 20.67 and 29.4 cm. The lowest 

20.67 cm was obtained from variety 4 (Local variety 2) 

and the highest 29.4 cm was from variety 2 (introduced 

variety 2). Under the severe water stress, the values range 

between 16.1 and 25.1. The lowest was 16.1 which was of 

variety 3 (Local variety 1) and the highest was 25.1 which 

was variety 2 (introduced variety 2). Overall, the mean 

plant height values range between 16.1 and 29.9 cm. The 

lowest value was under the severe water stress while the 

highest value was under the control treatment. There was 

no significant difference between the values obtained from 

the control and the mild water stress, but in the severe 

water stress there was a significant difference as there was 

a reduction in the mean values. Except in the case of 

variety 2 (introduced variety 2) which had a value of 25.1 

cm. 
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Leaf width and length 

Table 1 below shows the mean leaf width and length under 

non stress, mild water stress and severe water stress 

conditions. The mean leaf width values under the control 

ranges from 6.95 to 9.5 cm. The lowest value 6.95 cm was 

recorded in variety 4 (Local variety 2) and the highest was 

9.5 cm from variety 3 (Local variety 1). Under the mild 

water stress conditions, the values range between 6.67 and 

8.75 cm; the lowest was 6.67 from variety 4 (Local variety 

2) and the highest was 8.75 cm which is variety 3 (Local 

variety 1). Under the severe water stress, the values vary 

from 6.35 to 8.37 cm. The lowest was 6.35 observed in 

variety 4 (Local variety 2) and the highest was 8.37 cm 

variety 3 (Local variety 1). In general, there was a slight 

decrease in leaf width under drought stress.  

There was no significant difference amongst treatments 

but significant differences was observed between varieties 

as shown by ANOVA. The mean leaf length values under 

the control ranges from 8.1 to 11.6 cm, the lowest value 

was 8.1cm for Local variety 2 and the highest value was 

11.6 cm obtained from Local variety 1. Under the mild 

water stress, the values range from 8.33 to 11.15 cm, the 

lowest value 8.33 was of Local 2 and the highest value 

11.15 was from Local 1. Under the severe water stress, the 

values vary between 8.13 and 10.92 cm, the lowest value 

8.13 was from Local2 and the highest value 10.92 cm was 

of Local 1. Overall, between the three treatments the mean 

leaf length values ranges between 8.1-11.6 cm the lowest 

value 8.1 is under the control treatment and the highest 

value 11.23 was also under the control treatment. 

 

Internode and vine length performance 

The Table 2 below shows the Mean Internode and vine 

length performance under non stress, mild water stress and 

severe water stress conditions. The mean internode values 

under the control treatment ranges between 4.13 and 7.17 

cm, the lowest value 4.13 was from Local variety1 and the 

highest value 7.17 cm was from Introduced variety 1. 

Under mild water stress, the mean values varies from 3.88 

to 6.70 cm, the lowest value 3.88 was recorded in Local 

variety 1and the highest value 6.70 was obtained from 

Introduced variety 1. Under severe water stress the mean 

values range between 3.35 and 4.60 cm, the lowest value 

3.35 was from Introduced variety 2 and the highest value 

4.60 was from Local variety 2. In general, the mean value 

between the three treatments ranges from 3.35 to 7.17 cm, 

the lowest value 3.35 was recorded under severe moisture 

stress while the highest value 7.17 was under the control 

treatment. There was significant difference in the values 

between varieties.  

The mean vine length under non stress, mild water stress 

and severe water stress conditions are presented in Table 5. 

There was significant differences (P< 0.05) both among 

the four varieties and the three treatments. Local variety 2 

and introduced variety 2 did better under drought 

compared to the other two varieties. 

 

Petiole length 

The Figure 3 below shows the Mean petiole length under 

non stress, mild water stress and severe water stress 

conditions The Figure reveals that as the moisture stress 

increases, there is a decrease in petiole length. The mean 

value between the three treatments ranges from 6.97 to13.2 

cm, the lowest value 6.97 cm was under the severe water 

stress and the highest value 13.2 was under the control. 

 

Plant fresh weight 

There were significant differences (P< 0.01) between 

varieties and treatments (Table 3) and as shown in 

ANOVA table in appendix 4. It was observed that as the 

period of drought increases, there was decrease in plant 

fresh weight. Under the moderate water stress the mean 

values ranges between 300 and 733.33 g, the lowest value 

300 was obtained from the Introduced variety 1 and the 

highest value 733.33g was recorded in Introduced variety 

2. Under the severe water stress, the mean values vary 

from 233.33 to 633.33 g, the lowest value 233.33 was for 

Introduced variety 1 and the highest value 633.33 was for 

Introduced variety 2.  

The table below shows the Mean plant dry weight under 

no water stress, mild water stress and severe water stress 

conditions. The average value of dry weight decrease in all 

the drought treatments except in the introduced variety 2 

between the control and the moderate moisture control. 

Under the severe water stress, the mean values ranges from 

50 to 133.33.g, the lowest value 50 was recorded in the 

Introduced variety 1 and the highest value 133.33 was 

obtained from the Local 2. 

 

Effect of drought of sweet potato yield (total root fresh 

weight) and dry weight 

The results of fresh weight is shown in Table 4. No fresh 

weight was recorded for the introduced variety 1 under 

severe drought. These results of this table also reveal that 

there is increase in the yield of moderate moisture stress 

compared to the control for the introduced variety 1 and 

introduced variety 2 and the local variety 2. Though the 

fresh weights of these three varieties significantly reduced 

at severe drought stress. Under severe moisture stress, 

local variety 1 performed better (189.00 g) than others 

followed by local variety 2 and the introduced variety 2. 

There was significant difference between the total dry 

weights under no drought stress, the lowest value 32.63 

was of the introduced variety 1 and the highest value 

215.13 was obtained from Local 1. Under mild water 

stress, the values range between 70.83 and 128.50, the 

lowest value 70.83g was recorded from introduced variety 

1 and the highest value 128.50 was from Local 1. There 
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was no significant difference between introduced variety 1 

and Local 2 and there was also no significant difference 

between introduced variety 2 and Local 1. Under severe 

water stress, the values range between 0g and 54.47g. 

 

Effect of drought on sweet potato yield per plant (fresh 

weight) and dry weight 

 The introduced variety 1 performed much better than 

other in term of fresh root weight per plant and was highly 

significant than the others. Though no fresh weight was 

obtained under severe stress. As observed with the total 

fresh weight under severe stress, local variety 1 performed 

better than others followed by local variety 2 and the 

introduced variety 2. The table below shows the effect of 

drought of sweet potato yield per plant (fresh weight) 

under control, mild water stress and severe water stress 

conditions. 

 

Effect of drought on Relative water content 

The analysis of table 6 reveals that in the four cultivars 

used, it was observed as the drought period increases the 

relative water content decreases. But this decline in 

relative water content was not pronounced in variety 3 and 

variety 4. Though the ANOVA that there was no 

significant different amongst different treatment. 

 

Relationship between eleven traits related to drought 

tolerance in sweet potato 

Table 7 shows the correlation coefficient of the 

morphological and yield parameters measured. Total fresh 

root weight (total yield) and total dry root weight were 

significantly and positively correlated to the following 

traits: leaf length (r = 0.34, P < 0.05), and plant height (r = 

0.35, P < 0.05) but negatively correlated with vine length 

(r= 0.15, P> 0.05). Fresh root weight per plant and dry root 

weight were positively and significantly correlated with 

Total fresh root weight (r= 0.70, P<0.01) total dry root 

weight (r = 0.60, P < 0.01), and internode length (r= 0.40, 

P< 0.05) while there were positive and not significant 

correlation with vine length, petiole length, leaf length, 

leaf width and plant height.Leaf length was positively and 

significantly correlated with leaf width (r= 0.60, P< 0.01)  

 

IV. DISCUSSION 

As the effect of climate change get exacerbated and water 

resources become more restrictive for agricultural uses, the 

creation of drought‐tolerant cultivars isof paramount 

importance[30]. Henceforth, part of the objectives of this 

study was to identify sweet potato cultivars that could be 

less affected by drought stressthat is with water use 

efficiency and without a significant loss of fresh roots i.e. 

yield and without losing the merchant quality and 

nutrition.  

As shown in Figure 1 the temperature ranges between 

300C and 380C and occasionally 400C between the month 

of January and April. The relative humidity (data not 

shown) was not high an indication of drier air which could 

have led to high evapo-transpiration and as a result this 

could affect the availability of water in soil for crop 

production. Therefore, the period of this study was 

characterized by scorch sunlight, drier air and significant 

evapo-transpiration. 

There was no significant difference between the values 

obtained from the control and the mild water stress though 

slight differences were noted, but in the severe water stress 

there was significant differences as there was a reduction 

in the mean values of aboveground and underground 

parameters. This results are similar to [31] who reported 

that significant differences in aboveground biomass 

amongst genotypes were observed, which indicates that 

genotypes differed significantly in their tolerance to 

drought conditions. For instance, the effect of drought on 

plant height of the four varieties used decreased across 

different moisture conditions. But introduced variety 2 and 

local variety 2 did better compared to the other 2 varieties.  

No significant difference across the three treatments i.e. 

the control, mild water stress and the severe water stress 

was observed. This could be explained by the fact that 

water stress did not significantly affect leaf width. 

Therefore it can be hypothesized that the higher leaf width 

of variety 1 and variety 3 could help in sunlight 

interception for better photosynthesis and thus to high dry 

matter production. Meanwhile, there was a significant 

difference in leaf width between the four varieties, 

indicating that sweet potato varieties respond different to 

water stress. 

There were no significant differences between the leaf 

length, internode length and petiole length values recorded 

in control, moderate or mild water stress and severe 

moisture stress, though a slight differences were observed 

at severe drought level. This illustrates that drought did 

affect the three vegetative parameters but there were not 

significantly affected. [32] reported that biomass and 

morphological parameters such a main stem length, 

internode diameter and length, leaf area and number 

decreased in response to drought stress. Moreover, the 

study of [33] carried out in South Africa revealed that the 

internode diameter was reduced by 12% to 50% across the 

sweet potato accessions used. 

The vine length revealed a decrease in vine length 

especially under the severity of water stress. Under 

moderate water stress the lowest vine length value was 

52.83 from Introduced variety 2 the highest value was 

125.92 cm for the Introduced variety 1. Under the severe 

water stress, the lowest value was 38.3 of the Introduced 

variety 2 and the highest value was 109.13 of Local 2. This 

demonstrates that Local variety 2 performed better under 
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severe moisture stress when compared to other varieties. 

Our results are consistent with those of [32] and [33] 

observed that the reduction in stem length (relative to the 

control) of 15 accessions exposed to drought stress varied 

considerably from 16.1% to 46.0%.  

Highly significant and positive correlations were observed 

between the 11 characters studied under drought 

conditions. Table 7 shows total yield and yield per plant, 

the ultimate indicator for abiotic tolerance, was positively 

and significantly correlated with leaf length (r = 0.34, P < 

0.05), and plant height (r = 0.35, P < 0.05) and positively 

correlated with plant weight, leaf width, petiole length, and 

internode length. This illustrates the importance of these 

parameters in breeding program for drought tolerance. 

The results obtained from the plant fresh weight indicated 

that the introduced variety 2 was higher than other 

varieties which indicates that the varieties responded 

differently and some are more sensitive than other under 

drought stress. The results from plant dry weight illustrate 

that Local variety 2 and introduced variety 2 accumulated 

more dry matter than the other varieties. The reduction in 

plant fresh weight and plant dry weight obtained in this 

study is consistent with those of [33] and [32]. 

Under moderate drought stress all the four varieties 

performed well, indicating that they can only tolerate mild 

stress. Under severe drought, variety 1 did not produce any 

tubers. This indicates that this variety was more sensitive 

than other varieties under severe drought. Therefore, 

variety 1 can only cope under moderate moisture stress. 

This study is similar to [34] who reported that water stress 

sensitiveness of Orange-Fleshed Sweet Potato is 

considered as one of the major drawbacks of this crop type 

and currently available varieties do not allow sustainable 

and enduring production in drought prone regions. Variety 

3 performed better in term of yield than other varieties 

under severe drought. [35] and [33] indicated that storage 

root drymass is correlated positively with vegetative 

growth. Similarly, [36] reported a reduction in root dry 

mass under stress conditions.  

The accumulation of dry matter four all the four varieties 

was excellent under moderate drought stress. Under severe 

drought, the highest root dry matter was recorded in 

variety 3 followed by introduced variety 2 and variety 4 

under severe moisture stress. [23] reported a reduction in 

root dry mass under water stress condition. The variation 

in dry matter content can also be dependent on various 

factors such as soil type, pest, diseases, cultivar and 

climate [36]. 

 

V. CONCLUSION 

Overall, taking all these above data into consideration and 

looking at the ones which are least affected by drought to 

most of the factors variety 1 was least affected by drought 

on total dry weight under moderate drought stress, while 

variety 2 was least affected by drought on, plant height, 

petiole length and plant fresh weight. Variety 3 was least 

affected by drought on, leaf width, leaf length, tuber fresh 

weight (total yield), sweet potato yield per plant (fresh 

weight/plant) and dry weight. Variety 4 was least affected 

on internode, vine length, and plant dry weight. Variety 3, 

the local variety, is recommended under severe drought 

based on the above reason but under moderate drought 

Introduced variety i.e. variety 1 (orange fleshed sweet 

potato) is preferred based on the fact that it had the highest 

yield and also is of high nutrient content compared to other 

varieties. 

 

REFERENCES 

[1] C. Mohan. Tropical tuber crops. In H. P. Singh & V. 

A. Parthasarathy (Eds.), Advances in Horticultural 

biotechnology: Molecular markers and marker 

assisted selection-vegetables, ornamentals and tuber 

crops(2011) (pp. 187–230). India: Westville 

Publishing House, New Delhi. 

[2] FAOSTAT Statistics division. FAO.(2010). 

http://faostat.fao.org/site/612/default.aspx#ancor 

[3] Food and Agriculture Organization of the United 

Nations (2005) 

(http://faostat.fao.org/site/339/default.aspex). 

[4] G.W. Wolfe,The origin and dispersal of the pest 

species of Cylas with key to the pest species groups 

of the world. In: R. K. Janson and K. V. Raman, 

editors, Sweet potato pest management: A global 

perspective(1991). West view press, Boulder, USA. 

p. 20-42.   

[5] O.O. Tewe,O.A. Abu, E.F. Ojeniyi, and N.H. 

Nwokocha,Sweet potato Production, Utilization, and 

Marketing in Nigeria.  In: Akoroda, M.O. and J.M. 

Ngeve, eds. Root Crops in the Twenty-first Century. 

Proceedings of the Seventh Triennial Symposium of 

the International Society for Tropical Root Crops - 

Africa Branch, Cotonou, Benin.(2001) October 11-

17, 1998. 

[6] G.O. Chukwu, Scheduling of irrigation on Sweet 

potato (Ipomoea batatas (L) Lam), African Journal of 

Root and Tuber Crops, 3(2)(1999) 1-3. 

[7] I.N. Egeonu, M.O. Akoroda,Sweet potato 

characterization in Nigeria. Sweet potato Breeders' 

Annual Meeting, Mukono, Uganda, June 22-25, 

2010, 1-31. 

[8] V. Hagenimana, J. Low, M. Anyango, K. Kurz, S. T. 

Gichuki, J. Kabira, Enhancing vitamin A intake in 

young children in western Kenya: orange-fleshed 

sweet potatoes and women farmers can serve as key 

entry points. Food and Nutrition Bulletin 22(4)(2001) 

376-387. 

[9] C.C. Teow, T. Van-Den, R.F. McFeeters, R.L. 

Thompson, K.V. Pecota, G.C. Yencho, Antioxidant 

http://dx.doi.org/10.22161/ijeab/3.3.3
http://www.ijeab.com/
http://faostat.fao.org/site/612/default.aspx#ancor


  International Journal of Environment, Agriculture and Biotechnology (IJEAB)                           Vol-3, Issue-3, May-June- 2018 
http://dx.doi.org/10.22161/ijeab/3.3.3                                                                                                                        ISSN: 2456-1878 

www.ijeab.com                                                                                                                                                                             Page | 738 

activities, phenolic and β-carotene contents of sweet 

potato genotypes with varying flesh colours. Food 

Chem. 103(3) (2007) 829–838. 

[10] M.E. Çalifikan, T. Sögut, E. Boydak, E. Ertürk, H. 

Arioglu, Growth, yield, and quality of sweetpotato 

(Ipomoea batatas (L.) Lam.) cultivars in the 

southeastern Anatolian and east Mediterranean 

regions of Turkey. Turkey Journal of Agriculture and 

Forestry 31(2007) 213-227. 

[11] C.A. Clark, J.W. Moyer,Compendium of sweet 

potato diseases. American Phytopathological Society, 

Washington, D.C.(1988) 74 pages. 

[12] W.H. Duvernaya, M.S. Chinna, G.C. Yencho, 

Hydrolysis and fermentation of sweet potatoes for 

production of fermentable sugars and ethanol. 

Industrial Crops and Products 42(2013) 527-537. 

http://dx.doi.org/510.1016/j.indcrop.2012.1006.1028. 

[13] L. Claessens, J.M. Antle, J.J. Stoorvoge, R.O. 

Valdivia, P.K. Thorntond, M. Herrero, A method for 

evaluating climate change adaptation strategies for 

small-scale farmers using survey, experimental and 

modeled data. Agricultural Systems 111 (2012) 85-

95. 

[14] A.C. Bovell-Benjamin, Sweet potato: A review of its 

past, present and future roles in human nutrition. 

Advanc Food Nutr Res.52(2007)1–59. http://dx.doi. 

org/10.1016/S1043-4526(06)52001-7. 

[15] T. Ames, N.E.J.M. Smit, A.R. Braun, J.N. 

O’Sullivan, L.G. Skoglund, Sweet potato: Major 

pests, diseases, and nutritional disorders. 

International Potato Center (CIP), Lima, Peru. (1996) 

152 pages. 

[16] S.T. Gichuki, S.C. Jeremiah, D. Labonte, K. Burg, R. 

Kapinga, Assessment of genetic diversity, farmer 

participatory breeding, and sustainable conservation 

of eastern African sweetpotato germplasm.(2006) 

Annual report, April 2004 - March 2005, Nairobi, 

Kenya. 

[17] V. Ezin, I. Yabi, E.G.M. Kotchoni,A. Ahanchede, 

The menace of Climate Change to agricultural 

production and food security in Benin Republic. 

Journal of Meteorology and Climate Science 

12(1)(2014)90-100. 

[18] IPCC (Intergovernmental Panel on Climate Change) 

Climate Change 2007. The Physical Science Basis: 

Summary for Policymakers. Geneva, Switzerland: 

IPCC Secretariat. 

[19] Food and Agriculture Organization Statistics. FAO 

Statistics. (2009) 

http://faostat.fao.org/site/567/default.aspx#ancor 

[20] J.S. Boyer, Plant productivity and environment. 

Science, 218(1982) 443–448. 

[21] B. Fannin, Texas A&M AgriLife: “Texas 

Agricultural Drought Losses Reach Record $5.2 

billion.”(2011) Available at 

http://agrilife.org/today/2011/08/17/texas-

agricultural- drought-losses-reach-record-5-2-billion/   

[22] E. Pennisi, The blue revolution, drop by drop, gene 

by gene. Science 320(2008)171-173. 

[23] P. Indira, S. Kabeerathumma, Physiological response 

of sweet potato under water stress: Effect of water 

stress during the different phase of tuberization. J. 

Root Crops 14(1988)37-40. 

[24] K.H. Lin, P.Y. Chao, C.M. Yang, W.C. Cheng, H.F. 

Lo, T.R. Chang,The effects of flooding and drought 

stresses on the antioxidant constituents in sweet 

potato leaves. Bot. Stud. 47(4)(2006)417-426. 

[25] B.A. Anselmo, Z.N. Ganga, E.O. Badol, Y.M. 

Heimer, A. Nejidat,Screening sweet potato for 

drought tolerance in the Philippine highlands and 

genetic diversity among selected genotypes. Trop. 

Agric. 75(2)(1998)189-196. 

[26] S.G. Mundree, B. Baker, S. Mowla, S. Peters, S. 

Marais, C.V. Willigen, K. Govender, A. Maredza, S. 

Muyanga, J.M. Farrant, J.A. Thomson, Physiological 

and molecular insights into drought tolerance. Afr. J. 

Biotechnol. 1(2002) 28–38. 

[27] I.J.Ekanayake, Evaluation of potato and sweet potato 

genotypes for drought resistance. CIP, Lima, (1990) 

1-11. 

[28] S.A.Anjum,X. Xie, L. Wang, M.F. Saleem, C. Man, 

W. Lei, Review: morphological, physiological and 

biochemical responses of plants to drought stress. 

Afr.J. Agric. Res. 6(2011) 2026–2032. 

[29] B.M. Kivuva, S.M. Githiric, G.C. Yenchod, J. 

Sibiyaba, Screening sweet potato genotypes for 

tolerance to drought stress. Field Crops Research 

171(2015) 11–22. 

[30] N.R. Kitchen, K.A. Sudduth, S.T. Drummond,Soil 

electrical conductivity as a crop productivity measure 

for claypan soils. Journal of Production 

Agriculture12(1999)607–617. 

[31] D. Qiwei, Q.X. Rilian, D.Q. Pinilian, X. Yizhi, Z. 

Liyu, L. Chang Ping,  Sweetpotato germplasm 

evaluation for upland in Jiangsu. CIP Region VIII. 

Chinese Academy of Agriculture Science, 91(1991) 

85-95. 

[32] P. Saraswati,M. Johnston, R. Coventry, J. Holtum, 

Identification of drought tolerant sweet potato 

(Ipomoea batatas (L.) Lam) cultivars. The 

proceedings of the 4th International Crop Science 

Congress Brisbane, Australia.(2004) 

www.cropscience.org.au.  

[33] B.O. Omotobora, P.O. Adebola, D.M. Modise, S.M. 

Laurie, A.S. Gerrano, Greenhouse and Field 

Evaluation of Selected Sweet potato (Ipomoea 

batatas (L.) LAM) Accessions for Drought Tolerance 

http://dx.doi.org/10.22161/ijeab/3.3.3
http://www.ijeab.com/
http://faostat.fao.org/site/567/default.aspx#ancor


  International Journal of Environment, Agriculture and Biotechnology (IJEAB)                           Vol-3, Issue-3, May-June- 2018 
http://dx.doi.org/10.22161/ijeab/3.3.3                                                                                                                        ISSN: 2456-1878 

www.ijeab.com                                                                                                                                                                             Page | 739 

in South Africa. American Journal of Plant Sciences, 

5(2014) 3328-3339. 

[34] S. Agili,B. Nyende,K. Ngamau, P. Masinde, 

Selection, Yield Evaluation, Drought Tolerance 

Indices of Orange-Flesh Sweet potato (Ipomoea 

batatas Lam) Hybrid Clone. J. Nutr. Food Sci. 

2(2012)138. doi:10.4172/2155-9600.1000138. 

[35] A.L. Demagante, G.B.Opena, P. Van der Zaag, 

Influence of Soil moisture on Sweet potato (Ipomoea 

batatas) Growth and Yield. CIPRegion VII Working 

Paper No. 89-13, Los Banos, (1989)119-130. 

[36] I.M.Rose, and H. Vasanthakaalam, Comparison of 

the Nutrient Composition of four Sweet potato 

Varieties Cultivated in Rwanda. American Journal of 

Food and Nutrition, 1(2011) 34-38. 

 
Fig.1: Daily temperature in Iwo in the course the experiment 

 

Table.1: Mean leaf width and length under non-stress, mild water stress and severe water stress (Average ± Standard 

deviation) 

                Leaf width                  Leaf width 

Varieties Control  Mild water 

stress 

Severe 

water stress 

Control  Mild water 

stress 

Severe water 

stress 

Variety 1 9.22 ±0.45 8.6 ±0.49 8.1 ±1.26 9.77 ±0.97 9.65 ±0.55 8.83 ±0.82 

Variety 2 7.63 ±0.46 6.82 ±0.33 6.62 ±1.01 11.2 ±0.28 11.02 ±0.51 10.6 ±0.33 

Variety 3 9.5 ±1.43 8.75 ±0.66 8.37 ±2.15 11.6 ±0.13 11.15±1.19 10.9 ±3.03 

Variety 4 6.95 ±0.63 6.67 ±0.63 6.35 ±0.28 8.1 ±0.75 8.33±0.42 8.13 ± 0.17 

Different letters in the same column show significant difference at 0.05 probability level for vine length. 

 

 
Fig.2: Mean plant height under non-stress, mild water stress and severe water stress 
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Table.2: Mean performance of Internode and vine length under non-stress, mild water stress and severe water stress 

 Internode Vine length 

Varieties Control  Mild water 

stress 

Severe water 

stress 

Control  Mild water 

stress 

Severe water 

stress 

Variety 1 

7.17 ± 3.57  6.70 ±3.32  4.48 ±0.75 131.0±39.98 a 

125.92± 51.11 

a 

50.53 ± 18.84 b 

Variety 2  4.82 ±0.50  4.35 ±0.31  3.35 ±0.51 69.37±7.30 c 52.83± 18.84 c 38.3 ± 5.79 b 

Variety 3 

 4.13 ± 0.10  3.88 ±1.40  3.97 ±0.43 

101.53± 25.82 

b 

95.77± 29.92 b 55.7 ± 29.92 b 

Variety 4 

 5.58 ± 0.98  5.10 ±0.13 4.60 ±0.65 

131.48 ± 60.30 

a 

113.45± 43.31 

a 

109.13 ± 26.23 a 

Different letters in the same column show significant difference at 0.05 probability level for vine length. 

 

 
Fig.3: Mean petiole length under non-stress, mild water stress and severe water stress 

 

Table.3: Mean plant fresh weight and dry weight under no water stress, mild water stress and severe water stress 

 Plant fresh weight Plant dry weight 

 Control  Mild water 

stress 

Severe water 

stress 

Control  Mild water 

stress 

Severe water 

stress 

Variety 1 333.33a 300a 233.33a 100 83.33 50 

Variety 2 866.67b 733.33b 633.33b 116.66 116.66 100 

Variety 3 600b 500c 366.66c 183.33 116.66 66.66 

Variety 4 666.66b 566.66c 533.33b 216.67 166.66 133.33 

Different letters in the same column show significant difference at 0.05 probability level for plant fresh weight. 

 

Table.4: Effect of drought of sweet potato yield (fresh weight and dry weight) 

 Total Root fresh weight (yield) Total Root dry weight 

Varieties Control  Mild water 

stress 

Severe water 

stress 

Control  Mild water 

stress 

Severe water 

stress 

Variety 1 132.83c 294.10a 0d 32.63c 70.83b 0b 

Variety 2 324.87b 397.60a 87.00b 120.63a 115.27a 34.30a 

Variety 3 607.667 a 339.77a 189.00a 215.13a 128.50a 54.47a 

Variety 4 182.00c 238.63a 96.00b 63.63bc 83.33b 32.200a 

Different letters in the same column show significant difference at 0.05 probability level  
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Table.5: Effect of drought of sweet potato yield per plant (fresh weight) and dry weight 

 Root fresh weight per plant Root dry weight/plant 

Varieties Control  Mild water 

stress 

Severe water 

stress 

Control  Mild water 

stress 

Severe water 

stress 

Variety 1 66.417bc 272.456a 0d 16.32a 66.26a 0b 

Variety 2 80.798b 99.40b 23.32b 29.94a 28.82a 9.42a 

Variety 3 127.63a 67.953b 41.15a 45.45a 25.70a 11.88a 

Variety 4 39.20c 59.66b 19.20b 13.67a 20.83a 6.44a 

Different letters in the same column show significant difference at 0.05 probability level 

 

Table.6: Mean performance of Relative water content under drought condition 

Varieties Control Mild water stress Severe water stress 

Variety 1 86.31a 80.51a 73.31a 

Variety 2 81.55a 78.11a 72.32a 

Variety 3 78.72a 78.70a 76.21a 

Variety 4 77.03a 75.24a 74.09a 

 

Table.7: Correlation coefficient among the 11 characters 

 

vlga petlg leafL leafw intL plhg plwg 

TotFr

W 

TotDr

W FrWP DrWP 

vlg 1           

petlg -0.16 1          

leafL -0.15  0.49** 1         

leafw 0.24 0.13 0.6** 1        

intL 0.29 -0.01 -0.15 0.17 1       

plhg -0.34* 0.13 0.27 -0.05 -0.4 1      

plwg -0.28 0.39* 0.20 -

0.33* 

-0.15 0.44*

* 

1     

TotFrW -0.02 0.06 0.34* 0.17 0.03 0.35* 0.21 1    

TotDrW -0.06 0.02 0.34* 0.16 -0.03 0.38* 0.26 0.99** 1   

FrWP 0.22 0.02 0.19 0.22 0.40* 0.04 -0.07 0.69** 0.59* 1  

DrWP 0.16 0.03 0.24 0.21 0.33 0.14 0.01 0.80** 0.73*

* 

0.98*

* 

1 

*P<0.05, ** P<0.01  
aVlg= vine length, petlg= petiole length, leafL= leaf length, leafw= leaf width, intL=internode length, plhg= plant height, 

plwg= plant weight, TotFrW= total root fresh weight, TotDrW = total root dry weight, FrWP= average root fresh 

weight/plant, DrWP= average root dry weight/plant 
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