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Abstract. Mau YS, Ndiwa ASS, Markus JER, Arsa IGBA. 2019. Agronomic performance and drought tolerance level of sweet potato 

hybrids grown in Kupang, East Nusa Tenggara, Indonesia. Biodiversitas 20: 2187-2196. This study was conducted to evaluate 

agronomic performance and to assess drought tolerance level of purple and orange-fleshed F1 sweet potato hybrids in dryland during dry 

season in Kupang, East Nusa Tenggara. The study was carried out in Integrated Archipelagic Dryland Field Laboratory of Universitas 
Nusa Cendana, Kupang, from May to October 2018. Two sets of experiment were conducted, the first was for evaluation of agronomic 

performance, and the second was for evaluation of drought tolerance of the sweet potato genotypes. The first experiment assessed the 

agronomic performance of 20 sweet potato genotypes in a Randomized Block Design. The second experiment employed a Split Plot 

Design consisted of irrigation level as the main plot and sweet potato genotypes as subplot treatments. The main plot consisted of no 
stress (normal) and water-stressed conditions while the sub-plot comprised of 20 genotypes of the sweet potato. The observed 

agronomic performance variables included growth and yield parameters. Tuber yields in no stress and water-stressed conditions were 

observed and used for assessment of drought tolerance. The results showed that, in the agronomic performance experiment, the sweet 

potato genotypes differed significantly in all the observed agronomic performance variables including growth, yield contributing, and 
yield variables. UNC2016.Cil/JPV.01 and UNC2016.Cil/JPV.05 were short maturing genotypes with only about 90 days to harvesting 

while the rest of the genotypes were harvested in 120 to 150 days. The genotypes were also significantly varied in tuber yield; the 

highest was observed in UNC2016.JPV/KDL.11 (43.38 t ha-1). In the drought tolerance evaluation experiment, tuber yields in no stress 

and stressed condition were, respectively, 23.42 t ha-1 and 7.08 t ha-1. Six F1 hybrids were classified and selected as drought-tolerant 
genotypes with high yielding performance in both no stress and water-stressed conditions. 
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INTRODUCTION 

Sweet potato [Ipomoea batatas L. (Lam)] is the second 

most important tuber crop in Indonesia. In addition to its 

function as food source, sweet potatoes are also used as 

feed and industrial raw materials. Carbohydrate content of 

sweet potato is high so that it has the potential to be used as 

a staple food source besides rice and corn. Sweet potato is 

also rich in minerals, vitamins and antioxidants that are 

important for human health (Rabah et al. 2004; Husna et al. 

2013; Ginting et al. 2015). Toda date, however, sweet 

potato has not been used to meet its full potential in 

Indonesia, where rice is still the most prominent staple food 

for most of the population. 

In the dryland-dominated province of East Nusa 
Tenggara (Nusa Tenggara Timur/NTT Province), sweet 

potato is one of the major commodities that has been 

traditionally cultivated by farmers and used as a staple food 

source for rice and corn substitute. However, the use of 

sweet potato as the primary food source in the region is still 

left behind that of rice and maize. Low productivity and 

quality, as well as poor postharvest handling and 

processing of sweet potato at the farmer level, are vital 

factors determining underutilization of this crop as the 

main staple food alternative in this province.  

The low yield and quality of sweet potato are caused by 

many factors, including the poor cultivation techniques, 

sub-optimal cropping areas, pest and disease infestations, 

and the low yielding ability of cultivated sweet potato 

genotypes. The last two factors can be overcome by the 

production of high yielding and pest and disease-resistant 

varieties employing local germplasm. East Nusa Tenggara 

(NTT) Province is rich in sweet potato germplasm that can 

serve as gene source for the selection of desirable traits and 

also as the parental source in crossing program for the 
production of superior genotypes. 
 

Several local sweet potato clones from NTT Province 

have been studied in recent years, some of which showed 

desirable characters such as moderately tolerant to drought 

(Mau 2011), moderate and stable yield across diverse 

environments (Mau et al. 2013), moderately resistant to 

sweet potato weevil (Mau et al. 2011), and resistant to scab 

disease (Mau 2018). Despite the observed desirable traits 

possessed by the local sweet potato clones, there are still 

many limitations that need to be improved such as 

moderate yielding ability, low nutritional value, especially 

beta carotene and anthocyanin content, and lack of 

resistance to sweet potato weevil. Improvements of these 

traits can be achieved through crossing the local clones 

with superior genotypes to produce superior varieties with 

multiple desirable traits. Improved sweet potato varieties 

with desirable attributes such as high tuber yield and 
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drought tolerant are urgently needed in regions with sub-

optimal growing conditions such as NTT Province since 

low yielding cultivated varieties, and drought stress are the 

most dominant factors causing low sweet potato yield in 

this region.  

Several F1 hybrid populations of sweet potato had been 

produced from crosses involving locally adapted clone 

NPL-01 and SBD-04 (Mau et al. 2013; Mau et al. 2016) 

and Indonesian released varieties Cilembu, Kidal, and 

Papua Solossa (BALITKABI 2016), as well as an 

introduction variety JPV. The results showed that some of 

the F1 populations were able to produce tubers with varying 
flesh colors, i.e., white, yellow, orange, and purple (Mau et 

al. 2016). Orange-fleshed sweet potatoes are the primary 

sources of beta-carotene or pro-vitamin A (Oki et al. 2006; 

Teow et al. 2007; Rose and Vasanthakaalam 2011; Rahman 

et al. 2013) while the purple-fleshed ones are rich in 

antioxidants (anthocyanin) (Teow et al. 2007; Husna et al. 

2013; Ji et al. 2015) which possess health-promoting 

properties such as anti-cancer (Saigusa et al. 2005; Kurata 

et al. 2007; Lim et al. 2013), anti-inflammatory (Zhang et 

al. 2009; Wang et al. 2010), anti-aging (Jang et al. 2005), 

anti-hypertension (Kobayashi et al. 2005). 

The orange and purple-fleshed F1 populations producing 

fresh tuber weight of ≥ 0.5 kg per plant in the greenhouse/ 

pod condition and unreplicated plots had been selected and 

subjected to further evaluation to identify superior genotypes 

having desirable agronomic traits. This study aimed to (i) 

elucidate agronomic performance of the selected F1 

populations in replicated plots in the field, (ii) assess 
drought tolerance level of the F1 populations. Genotypes 

showing superior agronomic performance and drought 

tolerance will be further evaluated in multi-environment to 

be prepared as candidates for varietal release. 
 

MATERIALS AND METHODS 

Experimental site and plant materials 
This research was carried out in the Archipelagic 

Dryland Field Laboratory of Universitas Nusa Cendana, 

Kupang, Indonesia (10.15452° S and 123.66993° E, 110 m 

asl.) from May to October 2018. The climatic conditions 

during the field experiment are presented in Table 1. The 

soil type of the research site was an Entisol.  

Twenty sweet potato genotypes were evaluated, 16 of 

which were F1 hybrid populations and four of which were 

Indonesian released varieties (check varieties) kindly 

provided by Indonesian Legumes and Tuber Crops 

Research Institute (ILETRI/BALITKABI), Malang, East 

Java, Indonesia. These four varieties were selected as check 

varieties as they are among the most recently released 

Indonesian orange-fleshed and purple-fleshed sweet potato 
varieties and also have been cultivated in East Nusa 

Tenggara Province. Details of the sweet potato genotypes 

evaluated are presented in Table 2. 

 

 
Table 2. Sweet potato genotypes evaluated for agronomic 

performance and drought tolerance 

 

Genotype code Flesh color
 
Origin of 

population 

UNC2016.CIL/JPV.01 Purple F1 Population 
UNC2016.CIL/JPV.02 Light purple F1 Population 

UNC2016.CIL/JPV.04 Light purple F1 Population 

UNC2016.CIL/JPV.05 Purple F1 Population 

UNC2016.KDL/NPL.02 Purple F1 Population 
UNC2016.JPV/KDL.08 Light orange F1 Population 

UNC2016.JPV/KDL.11 Pale orange F1 Population 

UNC2016.JPV/KDL.02 Light purple F1 Population 

UNC2016.NPL/JPV//KDL.02 Orange F1 Population 
UNC2016.NPL/KDL.02 Orange F1 Population 

UNC2016.KDL/NPL.01 Orange F1 Population 

UNC2016.NPL/PSOL.16 Purple F1 Population 
UNC2016.NPL/SBD.04.1 Light orange F1 Population 

UNC2016.JPV/KDL//NPL.04 Purple F1 Population 

UNC2016.PSOL/NPL.15 Orange F1 Population 

UNC2016.KDL/V1-CIL.01 Light orange F1 Population 
ANTIN-1 Purple ILETRI 

ANTIN-2 Purple ILETRI 

BETA-1 Orange ILETRI 

BETA-2 Orange ILETRI 

Note: ILETRI = Indonesian released variety 

 

 

 

 
Table 1. Climatic conditions during the field experiment (May-October 2018) 

 

Month Rainfall (mm) Number of 

Rainy days 

Temperature ( °C) Humidity (%) 

Min. Max. Mean  

May 0 0 24.5 32.2 28.1 70 
June 2 1 22.8 32.6 27.2 70 

July 0 0 22.0 32.5 26.4 70 

August 4 2 22.1 32.1 26.3 71 

September 0.5 1 21.7 33.2 27.3 70 
October 0 0 23.0 33.0 28.0 74 

Source: Stasiun Klimatologi Kupang. 

 
 


 
 



MAU et al. – Agronomic performance and drought tolerance of sweet potato hybrids  

 

2189 

Experimental design 
Two experimental sets were conducted in the field, one 

for evaluation of agronomic performance and the other was 

for evaluation of drought tolerance of the tested sweet 

potato genotypes. A Randomized Block Design was 

employed in the agronomic performance evaluation, and a 

Split Plot Design was used for assessment of the drought 

tolerance. The Randomized Block Design comprised of 20 

sweet potato genotypes as treatment; each was two 

replicates with a total of 40 plots. Meanwhile, the Split-Plot 

Design comprised of irrigation level as the main plot and 

sweet potato genotype as the sub-plot treatments. Two 
irrigation levels were assigned in the main-plot, i.e., I0 for 

no water stress/normal condition and I1 for the water-

stressed condition. In the I0, the plants were irrigated daily 

to maintain field capacity level while in the I1 the plants 

were irrigated only once in 10 days to impose the water-

stressed condition. The sub-plot treatment consisted of 20 

sweet potato genotypes, similar to those used in the 

agronomic performance evaluation experiment. The 

treatments in the Split-Plot Design experimental set 

consisted of two replicates with a total of 80 experimental 

units were elucidated.  

Field preparation and planting of the sweet potato 

genotypes 
The experimental field was initially cleared from weeds 

and then plowed at 30 cm depth, cleaned from plant debris, 

and grazed. The planting plot of 3 m x 1.4 m (4.2 m2) size 

was prepared for each experimental unit in both 

experimental sets two weeks before planting. Between-

block spacing was 100 cm while between-main plot 

spacing and sub-plot spacing was each 50 cm. Cow manure 

was applied to each planting plot at a dosage of 2.1 kg plot-

1 or equivalent to 5 t ha-1 at one week before planting. A 

basal compound fertilizer (NPK: 16:16:16) was applied at 
the time of planting at a dose of 126 g plot-1, equivalent to 

300 kg ha-1.  

Planting materials used in the study were sweet potato 

cuttings of about 30-40 cm in length/4-6 nodes each. The 

cuttings were obtained from two months old sweet potato 

plants of each genotype evaluated. The cuttings were 

planted in the plots with a plant spacing of 65 cm between 

rows and 50 cm within the row; each planting hole was 

planted with one cutting. The planting was done by 

inserting one-third/2-3 nodes of the lower part of the 

cutting into the planting hole, and the remaining two-thirds 

of the cutting was left above the ground. The plants were 

maintained according to the standard sweet potato 

cultivation techniques including weeding, irrigation, 

fertilization, and pest and disease control. 

Irrigation of sweet potato plants 
In the agronomic performance evaluation experiment, 

irrigation was provided daily while in the drought tolerance 

evaluation the plants were watered according to the 

assigned treatment of two irrigation levels, i.e., non-

stressed condition (irrigation was provided daily) and 

water-stressed condition (irrigation was provided once in 

ten days). Irrigation was done to reach field capacity level 

by considering the amount of water loss through 

evapotranspiration based on the assumed reference 

evapotranspiration (Et0) value in Kupang during the dry 

season (May-October), i.e., 5.22-5.27 mm per day and the 

mid-season sweet potato plant coefficient of 1.15 (Brouwer 

and Herbloem 1986). 
 

Observation and data analysis 
In the agronomic performance evaluation experiment, 

observation was done on growth, yield contributing, and 

yield variables. The growth variables were observed at 90 

days after planting included vine length, number of leaves 

per plant, and number of secondary branches per plant, 

while yield contributing and yield variables (recorded at 

harvest) included harvesting date, tuber number per plant, 

tuber length, tuber diameter, harvest index, and marketable 

tuber (≥100 g) yield plot-1. The observed variables were 

subjected to one-way ANOVA, followed by post hoc 

Duncan Multiple Range Test (0.05) for separation of the 
treatment means.  

The main variable observed in the drought tolerance 

evaluation experiment was fresh tuber yield plot-1 under 

both no water stress and water-stressed conditions. Mean 

tuber yields (kg ha-1) under both conditions were used to 

determine the drought tolerance level of tested sweet potato 

genotypes based on the calculated drought tolerance 

indices previously employed by various studies. The 

indices included MP (mean performance), STI (stress 

tolerance index), and SSI (stress susceptibility index) 

(Bidinger et al. 1978; Fischer and Maurer 1978; Mau et al. 

2011, 2014), GMP (geometric mean performance), MRP 

(mean relative performance), HARM (harmonic yield), YSI 

(yield stress index), REI (relative expression index), and 

SNPI= Stress non-stress production index (Farshadfar and 

Sutka 2002; Moosavi et al. 2008; Farshadfar and Elyasi 

2012; Ali et al. 2013; Mau et al. 2019). 

RESULTS AND DISCUSSION 

Growth variables  
The tested sweet potato genotypes showed large 

differences in the observed growth variables (Table 3). 

Vine length varied considerably from 55.7 cm (BETA-2) to 

149 cm (UNC2016.PSOL/NPL.15) while leaf number per 

plant ranged from 160 (UNC2016.KDL/V1.CIL.01) to 368 

(UNC2016.JPV/KDL.11). Most of the clones had a short to 

moderate vine length, much shorter than those observed in 

orange-fleshed sweet potato (117.3-253.3 cm) reported by 

Rahman et al. (2013) and local sweet potatoes from NTT 

Province (115.9-216.4 cm) (Mau et al. 2013). In contrast to 

vine length, leaf number per plant of the present study 

(160.3-366.5) was much higher (about three folds) than that 

observed in the local sweet potato from NTT Province 

(50.8-127.3 cm) (Mau et al. 2013). A much wider range of 

vine length (90.3-283.8 cm) was reported in germplasm 
collection of Indonesian Legumes and Tuber Crops 

Research Institute/ILETRI (Rahajeng and Rahayuningsih 

2017a). In addition to genetic differences among the sweet 

potato genotypes, differences in vine length and leaf 
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number per plant between the present study and the 

previous studies may have also been caused by differences 

in environmental conditions where the sweet potato 

genotypes were grown.  

Secondary branch number per plant was also recorded 

to largely differ among sweet potato clones. The F1 clones 

UNC2016.Cil/JPV.04 and UNC2016.KDL/V1.CIL.01, 

respectively, showed the highest and the lowest number of 

secondary branches per plant, ranging from 5.7 to 11.5 

branches per plant. Number of secondary branches per 

plant of the current study was not substantially different 

from that in orange-fleshed sweet potato observed by 
Rahman et al. (2013) but the range was much wider than 

that found in local sweet potato of NTT Province (5-6 

branches per plant) (Mau et al. 2013) and the ILETRI 

germplasm collection (0.3-1.5 branches per plant) 

(Rahajeng and Rahayuningsih 2017a). The wider range of 

secondary branches per plant of the present study may 

indicate that the sweet potato genotypes evaluated possess 

a higher genetic diversity of the trait.  

Harvesting date substantially varied among tested sweet 

potato clones, ranging from 93 days to 152 days after 

planting. Harvesting dates of the orange-fleshed and most 

of the purple-fleshed sweet potato genotypes were almost 

similar to those of Indonesian released varieties (4-5 

months) (BALITKABI 2016), however, it is interesting to 

observe in the present study that two purple-fleshed 

genotypes (UNC2016.CIL/JPV.01 and 

UNC2016.CIL/JPV.05) had a short harvesting date of only 

about three months. Short maturing genotypes are more 

favored in the regions with a short rainy season. Thus, 

these two genotypes are most suitable to be grown in areas 

with a short rainy season and rainfall-dependent region 

such as NTT Province, Indonesia. 

Yield component and yield variables  
Means and ANOVA results of yield component and 

yield variables are presented in Table 4. Tuber number per 

plant was highly significantly varied (P<.01) among the 

genotypes, ranging from 1.50 to 5.5 tubers per plant; the 

highest was observed in the orange-fleshed F1 clone 

UNC2016.JPV/KDL.11 while the lowest was in the three 

check varieties (Antin-1, Antin-2, Beta-2) and the orange-

fleshed F1 clone UNC2016.NPL/KDL.02. Tuber number 

per plant of this study was much higher than that of orange-
fleshed sweet potato (OFSP) varieties (0.8-2.3 tubers per 

plant) observed by Mbusa et al. (2018) but much lower 

than that (5.1-14.9 tuber per plant) recorded in local sweet 

potato clones from NTT Province (Mau et al. 2013). 

Richardson (2009) reported almost similar tuber number 

plant-1 as that of the current study. 

 

 

 

 
Table 3. Mean vine length, number of leaves per plant, number of secondary branches per plant, and days to harvesting of tested sweet 

potato genotypes 

 

Sweet potato genotype Vine length (cm) 
# of leaves per 

plant 

# of secondary 

branches per plant 

Days to harvesting 

(Day) 

UNC2016.CIL/JPV.01 87.2 bcd 195.7 ab 6.3 a 93.3 a 

UNC2016.CIL/JPV.02 111.3 def 366.5 h 6.8 a 139.3 c 
UNC2016.CIL/JPV.04 95.5 cde 261.8 de 11.5 c 138.7 c 

UNC2016.CIL/JPV.05 105.2 def 278.0 def 8.3 ab 93.7 a 

UNC2016.KDL/NPL.02 135.2 fgh 215.0 bc 7.0 ab 125.6 b 

UNC2016.JPV/KDL.08 128.3 fgh 307.5 ef 4.5 a 124.3 b 
UNC2016.JPV/KDL.11 135.5 fgh 367.5 h 8.2 b 123.2 b 

UNC2016.JPV/KDL.02 123.5 efgh 317.6 fg 6.5 a 124.5 b 

UNC2016.NPL/JPV//KDL.02 143.0 gh 276.8 def 8.5 b 134.6 bc 
UNC2016.NPL/KDL.02 160.5 ab 295.0 ef 7.7 b 152.5 d 

UNC2016.KDL/NPL.01 111.5 def 245.8 cd 7.2 ab 136.8 c 

UNC2016.NPL/PSOL.16 103.0 def 363.7 h 5.8 a 134.7 bc 

UNC2016.NPL/SBD.04.1 106.5 def 301.4 ef 8.2 b 143.5 c 
UNC2016.JPV/KDL//NPL.04 118.0 defg 161.8 a 8.5 b 136.3 c 

UNC2016.PSOL/NPL.15 149.0 h 268.2 de 8.5 b 142.4 c 

UNC2016.KDL/V1-CIL.01 67.3 abc 160.3 a 5.7 a 125.8 b 

ANTIN-1 104.0 def 214.5 bc 9.8 b 127.7 b 
ANTIN-2 116.0 defg 356.7 gh 10.3 bc 149.4 d 

BETA-1 87.8 bcd 197.8 ab 8.50 b 148.3 d 

BETA-2 55.7 a 206.0 bc 7.50 ab 130.3 bc 

          
Mean 112.2  276.9  7.8  131.2  

F-value 8.06**  26.43**  6.41*  215.15**  

Coefficient of Variation 12.10  15.39  9.39  5.07  

Note: **highly significant (P<01), *significant (P<0.05). Numbers within the same column followed by the same letter (s) are not 

significantly different at 0.05 DMRT.  
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Both tuber length and tuber diameter were highly 

significantly affected by the treatment of sweet potato 

genotypes. Tuber length ranged from 12.75 cm 

(UNC2016.PSOL/NPL.15) to 21.85 cm 

(UNC2016.CIL/JPV.04) while tuber diameter ranged from 

3.0 cm (UNC2016.CIL/JPV.04) to 7.25 cm 

(UNC2016.PSOL/NPL.15) (Table 4). Interestingly, the 

clone producing the longest tuber contrastingly produced 

the smallest tuber diameter, vice versa. All of these 

differences might be due to the differences in the genetic 

background of the tested sweet potato clones as they were 

all tested in the same environment. Tuber length of the 
present study was slightly different from that of ILETRI 

germplasm collection (5.5-18.15 cm) (Rahajeng and 

Rahayuningsih 2017a) and orange-fleshed sweet potato 

evaluated in Blitar and Mojokerot, East Java (8-18 cm) 

(Rahajeng and Rahayuningsih 2017b), but the tuber 

diameter was nearly in the same range as those of the 

previous studies (3.30-8.4 cm and 3.5-7.4 cm, 

respectively). Mau et al. (2013) reported almost similar 

tuber length and tuber diameter as the present study. 
 

Harvest index was also highly significantly varied 

among tested sweet potato genotypes. Harvest index ranged 

from 0.20 to 0.72; the highest was found on the purple-

fleshed F1 clone UNC2016.KDL/NPL.02 while the lowest 

was on the orange-fleshed F1 clone 

UNC2016.NPL/KDL.02. The high harvest index of 

UNC2016.KDL/NPL.02 indicates its efficient use of the 

growing resource for tuber growth and development. 

Interestingly, this results revealed that the highest and the 
lowest harvest index were observed in the clones derived 

from the same parental genotypes, i.e., Kidal (KDL) and 

NPL-01 but the direction of the cross dictated their harvest 

index performance, indicating that maternal effect probably 

influences the harvest index of these F1 reciprocal hybrids. 

Since harvest index is a function of two complex traits 

(Bhagsari and Ashley 1990; Júnior et al. 2018), i.e., the dry 

matter contents of the biological (vegetative) yield and 

yield; thus, it is hard to explain the existence of maternal 

effect in this case without having detailed genetic 

information on these two complex traits. Harvest index in 

sweet potato had been reported to be positively correlated 

with root dry matter content (Bhagsari and Ashley 1990) 

but Mbusa et al. (2018) reported no correlation between the 

two variables. This implies that correlation between these 

two variables in sweet potato is dependent on the 

genotypes used. Should there is positive correlation 
between harvest index and root dry matter content, then the 

differential harvest index between F1 reciprocal hybrids 

may have been contributed by differences in their root dry 

matter content, which may be dictated by their parental 

clones. Maternal effect on sweet potato root dry matter 

content had been observed by earlier workers (Oduro 2013; 

Baafi et al. 2016). Lin et al. (2007) also reported maternal 

effect on shoot weight and root weight of sweet potato. 

Thus, if maternal effect presents in any reciprocal crosses 

of parental clones, it is necessary for breeders to pay 

attention for the direction of the crosses. Parental clones 

having superior maternal effect on important traits need to 

be used as female parents in hybridization.  

The harvest index range of the present study closely 

resembled that reported by Rahajeng and Rahayuningsih 

(2017b) in OFSP grown in two locations in East Java, 

Indonesia. In contrast to this study, Mbusa et al. (2018) 

observed a much narrow range of harvest index (0.4-0.51) 

of Kenyan OFSP varieties. The wider range of harvest 

index observed in this study can serve as a genetic basis for 

the selection of sweet potato for both tuber yield as well as 
for fodder purposes.  

Tuber yield was measured as fresh tuber weight plot-1 

(4.2 m2), which then converted into tuber yield ha-1 (Table 

4). Fresh tuber yield varied considerably among the twenty 

sweet potato genotypes ranging from 4.80 kg plot-1 (8.0 t 

ha-1) to 26.03 kg plot-1 (43.38 t ha-1). The orange-fleshed F1 

genotype UNC2016.JPV/KDL.11 produced the highest 

fresh tuber yield, consistent with its performance in tuber 

number plant-1, which was also the highest among the 

tested clones. The high fresh tuber yield is shown by 

UNC2016.JPV/KDL.11 is supported by its highest 

performance in tuber number per plant, and its moderate 

performance in tuber length and tuber diameter. The study 

finding is in line with previous study results that tuber yield 

is positively correlated with tuber number per plant, tuber 

length and tuber diameter (Sasmal et al. 2015; Rahajeng 

and Rahayuningsih 2017b; Mbusa et al. 2018). Positive 

correlation between tuber yield and tuber yield component 
traits (tuber number per plant, tuber length and tuber 

diameter ) implies a linear relationship between them, 

where tuber yield will increase or decline along with the 

increase or the decline of the three traits. In addition to its 

good performances in tuber yield component traits, the 

genotype UNC2016.JPV/KDL.11 also performed the best 

in growth variables such as number of leaves per plant, 

which ultimately support optimum photosynthesis process 

for maximum tuber growth and development (Bhagsari and 

Ashley 1990).  

Seven F1 populations (five orange-fleshed and two 

purple-fleshed genotypes) produced an average tuber yield 

of >25 t ha-1, much higher than the check varieties (Antin-

1, Antin-2, Beat-1, Beta-2) (Table 4). Tuber yields of the 

present orange-fleshed genotypes were much higher than 

those of orange-fleshed sweet potato evaluated in Blitar 

(4.2-21.6 t ha-1) and Mojokerto (2.1-30.9 t ha-1) (Rahajeng 
and Rahayuningsih 2017b) and ILETRI germplasm 

collection (0.48-25.84 t ha-1 (Rahajeng and Rahayuningsih 

2017a). Saitama et al. (2017) reported tuber yield of several 

Indonesian sweet potato (yellow, orange and purple-

fleshed) varieties ranging between 8.9-44.8 t ha-1. 

Meanwhile, the report on tuber yield of purple-fleshed 

sweet potato in Indonesia is limited. The high tuber yield 

exhibited by the seven F1 sweet potato genotypes evaluated 

in this study highlighted their potency as promising clones.
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Table 4. Tuber number per plant, tuber length, tuber diameter, harvest index, and fresh tuber yield plot-1 of the sweet potato genotypes 

evaluated 
 

Sweet potato genotype 

Tuber 

number per 

plant 

Tuber length 

(cm) 

Tuber 

diameter 

(cm) 

Harvest index 

(%) 

Marketable tuber 

yield plot-1 (kg) 

Marketable 

tuber yield ha-1 

(t) 

UNC2016.CIL/JPV.01 3.00 abcd 12.96 a 4.95 bcd 0.54 ef 8.01  ef 19.08 ef 

UNC2016.CIL/JPV.02 3.50 abcde 13.38 a 5.16 bcd 0.29 b 10.08  g 24.00 g 

UNC2016.CIL/JPV.04  2.00 ab 21.85 e 3.00 a 0.38 cde 3.36  a 8.00 a 

UNC2016.CIL/JPV.05 2.50 abc 19.95 de 4.50 abcd 0.40 cd 9.69  fg 23.08 fg 
UNC2016.KDL/NPL.02 3.00 abcd 13.68 ab 3.98 ab 0.72 h 7.11  cd 16.92 cd 

UNC2016.JPV/KDL.08 3.00 abcd 16.91 abcd 5.73 bcde 0.65 fg 15.77  j 37.54 j 

UNC2016.JPV/KDL.11 5.50 e 14.95 abc 5.25 bcd 0.70 h 18.22  kl 43.38 kl 
UNC2016.JPV/KDL.02 4.50 cde 18.20 cde 4.40 abcd 0.68 gh 12.66  gh 30.15 gh 

UNC2016.NPL/JPV//KDL.02 2.50 abc 14.17 abc 6.02 de 0.43 cd 9.18  efg 21.85 efg 

UNC2016.NPL/KDL.02  1.50 a 16.57 abcd 5.24 bcd 0.20 a 3.88  ab 9.23 ab 

UNC2016.KDL/NPL.01 5.00 de 16.76 abcd 4.38 abcd 0.30 b 12.79  hi 30.46 hi 
UNC2016.NPL/PSOL.16 4.00 bcde 17.65 bcd 6.05 de 0.46 d 14.47  hij 34.46 hij 

UNC2016.NPL/SBD.04.1 3.00 abcd 16.59 abcd 7.21 e 0.37 bc 17.06  jk 40.62 jk 

UNC2016.JPV/KDL//NPL.04  3.00 abcd 14.18 abc 4.03 abc 0.41 def 3.75  ab 8.92 ab 

UNC2016.PSOL/NPL.15 2.50 abc 12.75 a 7.25 e 0.39 cde 8.79  efg 20.92 efg 
UNC2016.KDL/V1-CIL.01 2.75 abc 18.26 cde 5.50 bcde 0.45 cdef 15.12  ij 36.00 ij 

ANTIN-1  1.50 a 15.63 abc 5.25 bcd 0.31 bc 5.43  bc 12.92 bc 

ANTIN-2 1.50 a 13.55 ab 4.00 ab 0.42 cd 6.85  cd 16.31 c 

BETA-1 3.50 abcde 14.18 abc 5.91 cde 0.48 def 7.75  de 18.46 de 
BETA-2 1.50 a 14.13 abc 5.54 bcde 0.32 bc 4.14  ab 9.85 ab 
              

Mean 2.96  15.81  5.17  0.47  9.71  23.11  

F-value (calculated) 3.57**  3.98**  3.72**  20.55**  66.22**    
Coefficient of variation 18.50  12.18  15.87  12.44  8.37    

Note: **highly significant (P<01), *significant (P<0.05). Numbers within the same column followed by the same letter (s) are not 
significantly different at 0.05 DMRT 

 

 

It is interesting to observe that tuber yields of the check 

varieties included in the present study were lower than 20 t 

ha-1. Tuber yields of the check varieties Beta-1 (18.46 t ha-

1) and Antin-2 (16.31 t ha-1) were only about 60% of their 

average yields presented in the varietal description. Tuber 

yields of other check varieties Antin-1 (12.92 t ha-1) and 

Beta-2 (9.85 t ha-1) were only around, respectively, 40% 

and 25% of their potential yield. Saitama et al. (2017) 

observed the tuber yield of check varieties Antin-1, Antin-2 

and Beta-1 of, respectively, 8.86, 11.96 and 33.84 t ha-1 

during dry season in East Jawa, which significantly 

differed from those of the present study, indicating that 
yield performance of these varieties varied considerably 

according to the variation in the environmental conditions. 

Thus, tuber yield of sweet potato is determined by an 

interaction between genetic and environmental factors as 

reported in the previous studies (Yusuf et al. 2008; Osiru et 

al. 2009; Moussa et al. 2011; Haldavanekar et al. 2011; 

Mau et al. 2013; Rahajeng and Rahayuningsih 2017). 

Drought tolerance level  
Drought tolerance levels of the genotypes were 

determined based on their yield performances in no stress 

and water-stressed conditions. Tuber yield plot-1 of the 

genotypes was converted to yield ha-1 before being 

subjected to drought tolerance assessment and calculated 

the drought tolerance indices (Table 5). Tuber yields in no 

stress/normal condition differed substantially from those in 

water-stressed condition. A mean tuber yield range of 9.33-

42.83 t ha-1 was observed in no water stress condition while 

that in water-stressed condition ranged between 1.08-15.90 

t ha-1. The highest mean yield in no stress and stressed 

conditions was observed in, respectively, 

UNC2016.JPV/KDL.11 (orange-fleshed) and 

UNC2016.Cil/JPV.01 (purple-fleshed) while the lowest 

mean yields in no stress and stressed conditions, was 

observed in Beta-2 and Beta-1, respectively. Substantial 

mean yield differences among genotypes under different 

irrigation levels indicate the presence of interaction effect 

of genotype by environment, where the expression of genes 

controlling tuber yield trait depends significantly on the 

genotype and water level condition. There was a significant 
difference in the overall mean tuber yield of all genotypes 

under no water stress (23.42 t ha-1) and water-stressed (7.08 

t ha-1) conditions, which indicates a very high stress 

intensity ((1-(Ys/Yp)) (Bennani et al. 2017) of 0.70 (within 

the range of 0.0-1.0). Mau et al. (2011) had also observed a 

dramatic difference of mean tuber yield of local sweet 

potato from NTT Province under normal and water-

stressed conditions of 12.6 t ha-1 and 6.0 t ha-1, 

respectively, with a stress intensity of about 0.5. These 

differences did occur, presumably, due to both different 

responses of the genotypes evaluated as well as the 

different drought stress treatment applied. High-stress 

intensity imposed in the present study may have selected 

the most drought tolerant genotypes, but other potential 

genotypes may have been discarded. Moderate stress 

intensities (0.3-0.5) are considered to be more suitable for 

selection of drought-tolerant crop genotypes (Ali and El-

Sadek 2016). 
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Table 5. Fresh tuber yield (t ha-1) under no stress and water-stressed conditions and drought tolerance indices of tested sweet potato 

genotypes 
 

Sweet potato genotype 
Drought tolerance indices 

Yp Ys MP STI GMP SSI MRP HARM YSI REI SNPI 

UNC2016.CIL/JPV.01 20.67 15.90  18.00  0.64  17.88  0.30  3.15  17.75  0.79  2.02  35.20  

UNC2016.CIL/JPV.02 23.67 7.80  15.45  0.37  13.42  0.96  2.15  11.66  0.34  1.17  14.16  

UNC2016.CIL/JPV.04 9.00 2.70  5.70  0.05  4.84  1.00  0.78  4.12  0.31  0.15  4.94  

UNC2016.CIL/JPV.05 23.50 3.30  13.05  0.15  8.65  1.24  1.49  5.75  0.15  0.48  6.92  

UNC2016.KDL/NPL.02 27.00 5.70  11.10  0.19  9.70  0.95  1.54  8.47  0.35  0.59  10.33  

UNC2016.JPV/KDL.08 38.17 12.00  24.60  0.90  21.13  0.99  3.37  18.15  0.32  2.84  21.87  

UNC2016.JPV/KDL.11 42.83 10.20  25.95  0.87  20.62  1.10  3.32  16.39  0.25  2.75  19.26  

UNC2016.JPV/KDL.02 29.67 12.60  20.70  0.73  19.02  0.82  3.06  17.49  0.44  2.29  22.76  

UNC2016.NPL/JPV//KDL.02 21.33 6.00  13.35  0.25  11.14  1.03  1.78  9.30  0.29  0.79  11.06  

UNC2016.NPL/KDL.02 9.00 3.00  5.85  0.05  5.09  0.96  0.81  4.44  0.34  0.16  5.46  

UNC2016.KDL/NPL.01 29.83 9.90  19.50  0.59  16.96  0.96  2.69  14.76  0.34  1.84  17.97  

UNC2016.NPL/PSOL.16 34.83 15.00  24.45  1.03  22.52  0.81  3.65  20.75  0.44  3.24  27.11  

UNC2016.NPL/SBD.04.1 38.50 6.00  21.75  0.44  14.77  1.21  2.53  10.19  0.17  1.39  12.26  

UNC2016.JPV/KDL//NPL.04 8.67 1.50  4.95  0.03  3.55  1.20  0.59  2.54  0.18  0.08  3.00  

UNC2016.PSOL/NPL.15 20.67 7.50  13.80  0.30  12.24  0.92  1.95  10.87  0.37  0.95  13.58  

UNC2016.KDL/V1-CIL.01 35.83 16.80  25.80  1.16  24.04  0.75  3.92  22.43  0.49  3.66  30.97  

ANTIN-1 12.67 1.80  7.05  0.04  4.70  1.24  0.81  3.14  0.15  0.14  3.77  

ANTIN-2 15.67 1.05  8.18  0.03  4.00  1.35  0.84  1.96  0.07  0.10  2.68  

BETA-1 17.50 1.08  9.09  0.04  4.27  1.36  0.92  2.03  0.07  0.12  2.82  

BETA-2 9.33 1.80  5.40  0.03  4.02  1.17  0.65  2.99  0.19  0.11  3.52  

             

Mean 23.42 7.08 14.69 0.39 12.13 1.02 2.00 10.26 0.30 1.24 13.48 

Note: Yp = yield under no stress condition, Ys = yield under water-stressed condition, MP = Mean yield under both no stress and water-
stressed conditions, STI=stress tolerance index, SSI=stress susceptibility index, GMP=geometric mean performance, MRP=mean 

relative performance, HARM=harmonic yield, YSI=yield stress index, REI=relative expression index, SNPI= Stress non-stress 

production index. Shaded area indicates that the genotype was selected as drought-tolerant based on the drought index and tuber yield in 

no stress (Yp) an stressed (Ys) conditions.  
 

 

 

The sweet potato genotypes varied greatly in their 

drought tolerance indices (Table 5). Drought tolerance 

index MP selected seven genotypes (Table 6) that produced 

≥ 18 t ha-1 fresh tuber yields under no stress and stressed 
conditions, which is above the current national average 

tuber yield of 16 t ha-1 (BPS 2015). The drought tolerance 

index STI was used to select for drought tolerant and high 

yielding genotypes under no stress condition, indicated by 

the STI values of ≥1.0 (Fischer and Maurer 1978; 

Fernandez 1992). Based on the STI, only two genotypes 

were classified as drought tolerant, i.e., 

UNC2016.NPL/PSOL.16 and UNC2016.KDL/V1-CIL.01.  

GMP index selected six genotypes 

(UNC2016.CIL/JPV.01, UNC2016.JPV/KDL.08, 

UNC2016.JPV/KDL.11, UNC2016.JPV/KDL.02, 

UNC2016.NPL/PSOL.16, UNC2016.KDL/V1-CIL.01) 

based on their geometric mean yield performance of above 

the recent national mean tuber yield (BPS 2015). In 

contrast to STI, SSI selected drought-tolerant genotypes 

with a stable yield between no stress and stressed 

conditions indicated by an SSI value of ≤ 0.5 (Fernandez 
1992; Sio-Se et al. 2006). Based on this index, only one 

genotype was classified as drought tolerant, i.e., 

UNC2016.CIL/JPV.01. These genotypes were selected as it 

could produce somewhat stable tuber yield of about 20 t ha-

1 in no stress condition and about 16 t ha-1 in stressed 

condition. Similar to SSI, YSI also selected only one 

genotype (UNC2016.CIL/JPV.01) based on its stable tuber 

yield performance under no stress and water-stressed 

conditions. Genotypes having YSI index of ≥ 0.5 is 
considered to be drought tolerant.  

In contrast to STI, SSI, and YSI, which have a specific 

standard range of index value to select for drought-tolerant 

genotypes, the drought indices MRP, HARM, REI dan 

SNPI (Farshadfar and Sutka 2002; Moosavi et al. 2008; Ali 

et al. 2013) provide no such range of index value for the 

preferred genotypes selection. The higher the values of 

these indices, the better; thus, certain selection intensity 

needs to be set up to select the most desirable/drought 

tolerant genotypes based on these indices. If a 30% 

selection intensity is used, then six genotypes were selected 

by each of these four indices as the most drought-tolerant 

genotypes. The selected genotypes were similar for all the 

four indices, i.e., UNC2016.CIL/JPV.01, 

UNC2016.JPV/KDL.08, UNC2016.JPV/KDL.11, 

UNC2016.JPV/KDL.02, UNC2016.NPL/PSOL.16, and 

UNC2016.KDL/V1-CIL.01. Interestingly, these six 
genotypes were also classified as drought-tolerant by 

drought indices MP and GMP (Tabel 5). These results 

indicate that these drought indices can be used 

interchangeably to select for drought-tolerant sweet potato 

genotypes.
 
 



 B I O DI VERS I TAS  20 (8): 2187-2196, August 2019 

 

2194 

Table 6. Sweet potato genotypes selected as drought-tolerant genotypes based on drought tolerance indices employed
 

 

Drought tolerance 

indices 

Selected genotypes 

MP UNC2016.CIL/JPV.01, UNC2016.JPV/KDL.08, UNC2016.JPV/KDL.11, UNC2016.JPV/KDL.02, 

UNC2016.NPL/PSOL.16, UNC2016.NPL/SBD.04.1, UNC2016.KDL/V1-CIL.01 
STI UNC2016.NPL/PSOL.16, UNC2016.KDL/V1-CIL.01 

GMP UNC2016.CIL/JPV.01, UNC2016.JPV/KDL.08, UNC2016.JPV/KDL.11, UNC2016.JPV/KDL.02, 

UNC2016.NPL/PSOL.16, UNC2016.KDL/V1-CIL.01 

SSI UNC2016.CIL/JPV.01 
MRP UNC2016.CIL/JPV.01, UNC2016.JPV/KDL.08, UNC2016.JPV/KDL.11, UNC2016.JPV/KDL.02, 

UNC2016.NPL/PSOL.16, UNC2016.KDL/V1-CIL.01 

HARM UNC2016.CIL/JPV.01, UNC2016.JPV/KDL.08, UNC2016.JPV/KDL.11, UNC2016.JPV/KDL.02, 
UNC2016.NPL/PSOL.16, UNC2016.KDL/V1-CIL.01 

YSI UNC2016.CIL/JPV.01 

REI UNC2016.CIL/JPV.01, UNC2016.JPV/KDL.08, UNC2016.JPV/KDL.11, UNC2016.JPV/KDL.02, 

UNC2016.NPL/PSOL.16, UNC2016.KDL/V1-CIL.01 
SNIP UNC2016.CIL/JPV.01, UNC2016.JPV/KDL.08, UNC2016.JPV/KDL.11, UNC2016.JPV/KDL.02, 

UNC2016.NPL/PSOL.16, UNC2016.KDL/V1-CIL.01 

Note: MP = Mean yield under both no stress and water-stressed conditions, STI=stress tolerance index, SSI=stress susceptibility index, 

GMP=geometric mean performance, MRP=mean relative performance, HARM=harmonic yield, YSI=yield stress index, REI=relative 

expression index, SNPI= Stress non-stress production index 

 
 

 

 

Only one genotype (UNC2016.Cil/JPV.01) was 

classified as drought-tolerant based on all nine drought 

tolerance indices employed (Table 6). Further, one 

genotype (UNC2016.NPL/PSOL.16) was classified as 

drought-tolerant based on seven indices (except SSI dan 

YSI), and four genotypes (UNC2016.JPV/KDL.08, 
UNC2016.JPV/KDL.11, UNC2016.JPV/KDL.02, and 

UNC2016.KDL/V1-CIL.01) were classified as drought-

tolerant based on six drought indices (except STI, SSI, and 

YSI). These five genotypes were not selected by SSI and 

YSI due to their high yield loss of >50% in the stressed 

condition. The genotype UNC2016.NPL/SBD.04.1 was 

only selected by MP. Thus; the results show that six 

genotypes, i.e., UNC2016.CIL/JPV.01, 

UNC2016.JPV/KDL.08, UNC2016.JPV/KDL.11, 

UNC2016.JPV/KDL.02, UNC2016.NPL/PSOL.16, and 

UNC2016.KDL/V1-CIL.01 were classified as drought-

tolerant genotypes because they were selected by all or 

most of the drought indices employed. 

Most of the drought tolerance indices used to select the 

above drought tolerant sweet potato genotypes have been 

shown to be effective in selecting drought-tolerant 

genotypes of various crops (Fischer and Maurer 1978; 
Bidinger et al. 1978; Farshadfar and Sutka 2002; Moosavi 

et al. 2008; Mau et al. 2011; Ali et al. 2013; Mau et al. 

2014; Mau et al. 2019). The six selected sweet potato 

genotypes also exhibited high yielding performance (≥ 20 t 

ha-1 tuber yield) under no stress condition and moderate 

yielding performance (≥ 10 t ha-1) under water-stressed 

condition. Yields under no stress (Yp) and stressed (Ys) 

conditions were found to be positively correlated with 

drought tolerance (Moosavi et al. 2008; Farshadfar and 

Elyasi 2012; Ali et al. 2013; Mau et al. 2019). Thus, the six 

selected sweet potato genotypes are not only drought 

tolerant but also high yielding. These genotypes are, 

therefore, need to be further subjected to multi-

environmental trial and potentially be proposed for superior 

varietal release.  

In conclusion, the present study revealed substantial 

differences among twenty sweet potato genotypes in all the 

observed agronomic performance variables. Two of the 

tested genotypes were short maturing with only about 90 
days to harvesting (UNC2016.Cil/JPV.01 and 

UNC2016.Cil/JPV.05). Tuber yields also varied greatly 

among genotypes with the highest was recorded in the 

orange-fleshed F1 clone UNC2016.JPV/KDL.11 (43.38 t 

ha-1). The highest tuber yield in purple-fleshed clones was 

observed in UNC2016.NPL/PSOL.16 (34.46 t ha-1). Mean 

tuber yield under no stress condition was much higher than 

that of water-stressed condition. Six genotypes 

(UNC2016.CIL/JPV.01, UNC2016.JPV/KDL.08, 

UNC2016.JPV/KDL.11, UNC2016.JPV/KDL.02, 

UNC2016.NPL/PSOL.16, UNC2016.KDL/V1-CIL.01) 

were classified as drought tolerant, high yielding under 

both no stress and water-stressed conditions. These 

genotypes are considered as promising clones that need to 

be further evaluated in multi environments before being 

proposed as candidates for varietal release.  
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