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  Abstract 
Sweet potato (Ipomoea batatas (L.) Lam.) is a vital food security crop among re-
source-constrained smallholders in sub-Saharan Africa. Though the demand for the 
crop is very high, inadequate good-quality planting material, lack of high-yielding 
varieties, and economic and healthy planting methods are the major production 
constraints. By addressing problems with food security and agricultural produc-
tion, tissue culture techniques have opened a new frontier in agricultural science. 
To evaluate the field efficiency of tissue-cultured plantlets, a field experiment was 
conducted at the Jinka Agricultural Research Center during the 2020/2021 crop-
ping season using a 3 × 2 factorial design in a Randomized Complete Block Design 
(RCBD) with three replications. The treatments evaluated three propagation tech-
niques: in vitro micropropagation, conventional apical vine cuttings, and sprouted 
root slips across two adapted cultivars (Awasa-83 and Kulfo). Data collected on 
different parameters were analyzed using SAS 9.0 software with a General Linear 
Model procedure, and mean differences were compared by LSD at the 5% level of 
significance. The results showed positive interaction effects between cultivars and 
propagation method across most growth and yield parameters. The cultivar Kulfo 
propagated via sprouted root slips achieved the highest marketable storage root 
yield (28.79 t ha⁻¹) and maximum storage root diameter (10.96 cm). Conversely, 
vine cuttings showed the poorest performance, producing the lowest total yield 
(22.93 t ha⁻¹). Tissue culture accelerated vine elongation (196.28 cm) and above-
ground fresh biomass production. Sprouted root slips offered a technically acces-
sible and economically viable alternative for smallholders, avoiding the high input 
costs and acclimatization losses of micropropagation systems. Future multi-envi-
ronmental trials are required to confirm these propagation responses across diverse 
agro-ecological zones. 
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1. Introduction 

Sweet potato (Ipomoea batatas L.) is a dicotyledonous crop that is native to the tropical regions of Latin America 
[1]. It is a significant provider of complex carbohydrates, dietary fiber, vitamins A and C, proteins, iron, calcium, 
and very nutrient-dense food that plays a role in the reduction of poverty by giving small farmers opportunities to 
generate sustainable income [2]. China is the leading country in the world, with a coverage percentage of 56.41 [3]. 
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Root crops are one of the most widely cultivated crops in Ethiopia, covering a total area of 248,357.51 ha and 
producing 50,989,511.1 quintals. In terms of production, sweet potato is the most significant root crop during the 
2019/20 cropping season in Ethiopia. It covered over 52,406.4 ha, with production and productivity of over 17.5 
million quintals and 335.05 quintal/ha in the 2019/20 cropping season [4]. It is a crucial crop for the nation's food 
security because of its ability to grow in disadvantaged settings and its ability to produce with few inputs [5].  

Sweet potato yield in Ethiopia is limited due to abiotic and biotic constraints such as lack of improved varieties, 
inefficient strategies for multiplication and distribution of planting material, insect pests, and diseases [6]. Conven-
tionally, Sweet potato is propagated through vegetative cuttings. However, due to exposure to viral vectors, mainly 
aphids and whiteflies, recycling sweet potato vine as planting material results in the accumulation of systemic path-
ogens [7]. The virus has a significant impact on the crop’s quality as well as the quantity of yield and yield compo-
nents because the crop is susceptible to viral disease infection. 

Tissue culture is an alternative method for mass multiplication, especially for vegetatively propagated species, 
like sweet potato. However, the large percentage of plants that are damaged when transferred to ex vitro conditions 
is still a barrier to the expanded use and efficacy of micropropagation. In addition, in vitro plantlets have juvenile 
leaves that are small, have poor photosynthetic capacity, and have malfunctioning stomata [8]. As a result, these 
plantlets require gradual acclimatization to improve their chances of survival after transfer to soil [9].  

Generally, enhancing post-transplantational capabilities for water management, photosynthetic efficiency, and 
disease resistance is necessary for the creation of high-quality and vigorous plants through in vitro culture. The final 
performance of the propagules and the success or failure of tissue culture operations are frequently determined by 
the propagules’ capacity to resist transplanting stress [10]. Several sweet potato micropropagation protocols have 
been created, but only a few have been tested in the field. To ascertain whether the possible advantages of micro-
propagated plants are being realized, field testing of plants from tissue culture is required. Moreover, there are 
limited reports on the field performance of tissue culture-derived sweet potato plants in Ethiopia. As the need for 
the crop is very high and there is no better planting method for the enhanced yield of sweet potato in the study area, 
it is of paramount importance to evaluate the field performance of tissue culture-regenerated sweet potato varieties 
with other planting methods. 

2. Materials and Methods 

2.1 Description of Study Area 

The research was conducted at Jinka Agricultural Research Center (JARC) during the 2020/21 cropping season. 
The center is located in the South Omo Zone, SNNP Regional State, in Jinka town, 750 Km South West of the 
capital city, Addis Ababa, and at E 36°33' Longitude and N 05°46' latitude, with an altitude of 1,383 meters above 
sea level. Long-term weather data showed that the area’s mean annual rainfall is 1274.67 mm and its maximum and 
lowest monthly average temperatures are 27.55 and 16.55°C, respectively. The region is also defined by gentle to 
flat land features [11]. 

2.2 Experimental Materials 

The experimental materials consisted of two sweet potato varieties, namely Awasa-83, which is white-fleshed, and 
Kulfo, which is orange-fleshed. The varieties were released by the Southern Agricultural Research Institute (SARI) 
and are currently adapted to and cultivated by farmers in the South Omo Zone. Conventional planting materials 
were obtained from Jinka Agricultural Research Center (JARC), whereas in vitro-derived plantlets of these varieties 
were collected from Holeta Agricultural Research Center (HARC). 

Table 1. Descriptions of the planting materials 

No. Name of the vari-
ety 

Breeder /main-
tainer 

Year re-
leased Altitude Maturity days Nature 

1 Awassa-83 AARC/SARI 1983 1200-2200 150-180 White fleshed 

2 Kulfo AARC/SARI 2005 1200-2200 150 Orange fleshed 

2.3 Treatments and Experimental Design 

The field experiment was arranged in a 3 × 2 factorial configuration within a Randomized Complete Block Design 
(RCBD) with three replications. The two experimental factors comprised: (i) three distinct propagation 
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methodologies: in vitro micropropagation (tissue culture), conventional apical vine cuttings, and sprouted root slips 
(slips); and (ii) two sweet potato cultivars: ‘Awasa-83’ (white-fleshed) and ‘Kulfo’ (orange-fleshed). The total ex-
perimental footprint encompassed an area of 223.38 m². Individual gross plots measured 5.76 m² (2.4 m × 2.4 m) 
and contained four planting rows. The net harvestable area was restricted to the two central rows, spanning 3.78 m² 
(2.1 m × 1.8 m), to eliminate edge effects. Inter-row and intra-row spacings were fixed at 0.60 m and 0.30 m, 
respectively, establishing a standardized plant density of 55,555 plants ha⁻¹ (equivalent to 8 plants per row). Repli-
cated blocks were separated by a 1.5 m buffer zone, while individual plots within a block maintained a1.0 m clear 
boundary. 

2.4 Experimental Procedures and Field Management  

The field evaluation was conducted under uniform rain-fed conditions. Primary tillage was performed to a depth of 
0.30 m using a tractor-mounted disc plow, followed by secondary disc harrowing to achieve a uniform seedbed. 
Cultivated ridges were constructed manually using traditional implements. The planting materials were prepared 
according to standard regional agronomic recommendations: 

1. Conventional Vine Cuttings: Healthy, vigorous 30 cm long apical segments were harvested from active field 
stock. The lower leaves were stripped, leaving 3-4 terminal leaves intact. Cuttings were inserted into the ridges at a 
45° angle, burying two-thirds of their length to encourage uniform nodal adventitious rooting. 

2. Sprouted Root Slips: Healthy, marketable storage roots were bedded in a field nursery for five weeks to induce 
sprouting. Vigorous, uniform slips were detached from the mother roots and transplanted directly to the experi-
mental plots. 

3. Tissue Culture Plantlets: Micropropagated plantlets were produced via nodal culture at the Holeta Agricultural 
Research Center (HARC) and went through a four-week ex-vitro shade-house hardening phase in a sterilized peat-
soil mix before field transplantation. Transplanting for all treatments was synchronized to coincide with the onset 
of the main rainy season. No synthetic fertilizers or chemical pesticides were applied during the crop cycle, mim-
icking local smallholder management conditions. 

2.5 Data Collection and Measurements 

2.5.1 Growth Parameters 
Vine length (cm): Vine length was measured as the distance from the base of the plant to the terminal tip at physi-
ological maturity. Five randomly selected plants from each plot’s inner rows were used to quantify it, and the aver-
age was then calculated. 

2.5.2 Yield and Yield Components 
Length of tuberous roots (cm): Tuberous root length was measured using storage roots obtained from five ran-
domly selected plants of different sizes, and the mean value was recorded.  
Tuberous root diameter (cm): Tuberous root diameter is the thickness of the storage root that was measured at the 
widest medial section with a caliper from 5 randomly selected plants per plot from the interior rows, and the average 
values were recorded. 
Aboveground fresh biomass (t/ha): Aboveground fresh weight is the weight of all aboveground plant parts, in-
cluding vines, leaves, and petioles, which was obtained from five haphazardly sampled plants per plot at the final 
harvest and weighed. 
Total fresh biomass (t/ha): This is the weight of all plant parts that was determined by summing up the average 
values recorded from both aboveground and underground fresh biomass weight.   
Harvest Index: It is the ratio of the economic yield to the total biological yield that shows how efficiently a plant 
converts total biomass into the harvested product, and it was determined as a percentage as follows.  

𝐻𝐻𝐻𝐻 = 𝑇𝑇𝑇𝑇𝑇𝑇
𝑇𝑇𝑇𝑇𝑇𝑇

x100 

Where: HI = Harvest Index, TRW = Tuberous Root Weight, TBM = Total Biomass 
Average number of tuberous roots per plant: This is the number of tuberous roots that was recorded by count-

ing the number of tubers collected from five randomly selected plants at harvesting, and the average value was 
recorded. 

Marketable root weight (t/ha): This is the weight of roots ranging from 100 to 500 g and free of diseases and 
defects that were collected from five plants per plot that were randomly selected and later converted to a hectare 
basis. 
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Unmarketable root weight (t/ha): This is the weight of roots with <100 g (under size), > 500 g (over size), and 
tubers with disease and other defects that was recorded from five randomly sampled plants per plot and later con-
verted to a hectare basis. 

Total yield of tuberous root (t/ha): This is the sum of all root types that were recorded as the totality of the 
unmarketable and marketable tuber yield taken from harvestable plots, and the average was calculated on a t/ha 
basis.  

2.6 Data Analysis 

The mean value of each character under study was summarized and subjected to analysis of variance (ANOVA) 
procedures, which are recommended for randomized complete block design (RCBD) by SAS version 9.0 with a 
general linear model procedure. The mean differences comparison was undertaken by Least Significant Difference 
(LSD) at the 5% significance level.  

3. Result and Discussion 

3.1 Root Length, Vine Length, and Root Diameter 

The variance analysis showed that root length, root diameter, and vine length were significantly (P<0.05) affected 
by the effect of sweet potato varieties and methods of planting. The longest vine (208.57 cm) was recorded from 
Awasa-83 planted from tissue-cultured regenerated plants, while the shortest (138.6 cm) vine was recorded from 
the Kulfo variety planted by the sprouting method (Figure 1).  

 
Figure 1. Mean vine length of sweet potato. 

Notes. The means represented by similar letters are not significantly different at the 5% level of significance. T1=Kulfo cutting, T2=Kulfo sprout, 
T3=Kulfo Tissue culture, T4=Awasa-83 cutting, T5=Awasa-83 sprout, T6=Awasa-83 Tissue culture, LSD=Least significant difference, 
CV=Coefficient of variation. 

The significantly greater vine length observed in the Awasa-83 variety is mainly related to the nature of the vine 
of the variety. 

The root with the largest diameter (10.963 cm) was recorded from the Kulfo variety planted by the sprouting 
method, while the shortest (5.207 cm) was recorded from Awasa-83 planted by cutting (Figure 2).  

 
Figure 2. Mean root diameter.  

Notes. The means represented by similar letters are not significantly different at the 5% level of significance. T1=Kulfo cutting, T2=Kulfo sprout, 
T3=Kulfo Tissue culture, T4=Awasa-83 cutting, T5=Awasa-83 sprout, T6=Awasa-83 Tissue culture, LSD=Least significant difference, 
CV=Coefficient of variation. 
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The highest significant root diameter recorded for the Kulfo variety is related to the nature of the tuberous root 
of the variety, which is thicker than Awasa-83. 

For the tuberous root length, the longest tuberous root (23.267 cm) was recorded from Awasa-83 planted by the 
sprouting method, whereas the shortest root was obtained from the Kulfo variety planted by the cutting method 
(Figure 3). The greater tuberous root length observed in the Awasa-83 variety is due to the nature of the tuberous 
root of the variety, which is longer than that of the Kulfo variety. 

 
Figure 3. Mean tuberous root length. 

Notes. The means represented by similar letters are not significantly different at the 5% level of significance. T1=Kulfo cutting, T2=Kulfo sprout, 
T3=Kulfo Tissue culture, T4= Awasa-83 cutting, T5=Awasa-83 sprout, T6=Awasa-83 Tissue culture, LSD=Least significant difference, CV=coefficient 
of variation. 

The current findings indicated that the Kulfo variety resulted in better root diameter, while Awasa-83 resulted in 
superior root length and vine length. This result is consistent with the findings of Awel [12] and Gebremeskel et al. 
[13], who reported the longest vine and tuberous root length on Awasa-83 and the largest root diameter from the 
Kulfo variety. Likely, Uwah et al. [14] and Lamaro [15] also reported similar findings on sweet potato, which was 
the larger root diameter from the Kulfo variety. 

3.2 Marketable and Unmarketable Root Weight and Above-ground Fresh Biomass 

Analysis of variance showed that marketable and above-ground fresh biomass were significantly higher (p< 0.001) 
by planting method and variety. The highest fresh weight (11.954 t/ha) was recorded from Awasa-83 planted from 
tissue culture regenerants, while the lowest mean fresh weight (6.437 t/ha) was recorded from the Kulfo variety 
planted by the vine cutting method. The highest unmarketable root weight (18.333 t/ha) was recorded from the 
Kulfo variety planted by the sprouting method, while the lowest weight (11.667 t/ha) was recorded from Awasa-83 
planted using vine cuttings (Table 2).  

Table 1. Marketable and unmarketable root weight and above-ground fresh weight 

Planting Method Variety FW (t/ha) MRW(t/ha) UMRW(t/ha) 

Tissue culture v2 11.954a 21.755cd 15.333b 

Sprout v2 11.288ab 23.778b 12.333c 

Cutting v2 10.436bc 20.335d 11.667c 

Tissue culture v1 9.917cd 27.291a 14.000bc 

Sprout v1 9.240d 28.788a 18.333a 

Cutting v1 6.437e 22.261bc 13.667bc 

LSD 0.9318 1.6215 2.4558 

CV (%) 5.18 3.71 9.49 
Notes. Means in columns and rows assigned by the same letter are not significantly different at the 5% level of significance; LSD = least significant 
difference.  
 

The current finding showed that the Kulfo variety produced more advanced marketable tubers than Awasa-83. 
This finding is consistent with the report of Gebremeskel et al. [13] and Lamaro [15], who disclosed the significantly 
higher tuber yield from the Kulfo variety, while the reverse was reported for Awasa-83.   
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3.3 Tuber Number Per Plant 

The analysis of variance showed that the number of tubers per plant was very high significantly affected (P < 0.001) 
by the effect of sweet potato variety and planting method. The highest tuber number per plant (8.75) was recorded 
from the Kulfo variety planted from sprouting, while the lowest one (2.7233) was recorded from Awasa-83 planted 
by vine cutting (Figure 4). As the two varieties were evaluated under the same conditions, the significantly higher 
tuber number per plant for Kulfo is due to the genetic preeminence of the variety in producing higher tuber number.    
 

 
Figure 4. Tuber number per plant. 

Notes. The means represented by the same alphabet are not significantly different at the 5% probability level. T1=Kulfo cutting, T2=Kulfo sprout, 
T3=Kulfo Tissue culture, T4= Awasa-83 cutting, T5=Awasa-83 sprout, T6=Awasa-83 Tissue culture, LSD=Least significant difference, CV=coefficient 
of variation. 

The current findings revealed that Kulfo is the better variety in producing a higher number of tubers per plant. 
Similar results were also reported by Lamaro [15] and Lemma et al. [16] on the same crop, which recorded a higher 
tuber number per plant from the Kulfo variety. 

3.4 Unmarketable and Marketable Tuber Per Plant 

ANOVA showed that the marketable tuber number of sweet potato was significantly (P<0.05) affected by method 
of planting and variety, while it had no effect on unmarketable roots (P>0.05). The largest marketable root number 
(89.065/ha) was recorded from the Kulfo variety planted by vine cutting, whereas the least number of marketable 
roots (40.564/ha) was recorded from Awasa-83 planted by sprouting (Figure 5). 

 
 

Figure 5. Marketable root number. 

Notes. The means represented by similar letters are not significantly different at the 5% level of significance. T1=Kulfo cutting, T2=Kulfo sprout, 
T3=Kulfo Tissue culture, T4= Awasa-83 cutting, T5=Awasa-83 sprout, T6=Awasa-83 Tissue culture, LSD=Least significant difference, CV=coefficient 
of variation. 

The present finding showed that Kulfo is the better variety in producing more marketable tuber yield. This variety 
also produced more unmarketable tuberous root number. Analogous to the current finding, Lemma et al. [16] re-
ported significantly higher marketable tuberous root number from the Kulfo variety.     
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3.5 Biomass and Tuber Yield 

Both tuber yield and biomass yield were significantly affected by variety and planting method (P < 0.001). The 
highest biomass and tuber yield were recorded from the Kulfo variety planted from sprouting. On the other hand, 
the lowest biomass yield (29.933 t/ha) was recorded from Kulfo variety planted from vine cutting (Figure 7).  

 
Figure 6. Mean total tuber yield (t/ha). 

Notes. The means represented by similar letters are not significantly different at the 5% level of significance. T1=Kulfo cutting, T2=Kulfo sprout, 
T3=Kulfo Tissue culture, T4= Awasa-83 cutting, T5=Awasa-83 sprout, T6=Awasa-83 Tissue culture, LSD=Least significant, CV=Coefficient of vari-
ation, BMY=Biomass yield, TY=Tuber yield. 

The results showed that there was no significant variance between tuber yield between Awasa-83 planted by vine 
cutting and tissue culture regenerants, as well as Kulfo variety planted by vine cutting (Figure 6).   

The current finding revealed that the Kulfo variety resulted in a higher total tuber yield than Awasa-83, which 
agreed with the work of Gebremeskel et al. [13], who revealed better output on the same variety. Similarly, Assefa 
et al. [17] also reported higher tuber yield from Kulfo better to Awasa-83 variety. Moreover, Kiffo [18] also reported 
the dominance of the Kulfo variety over Awasa-83 in giving higher tuber yield per hectare. 

3.6 Harvest Index 

Analysis of variance showed that sweet potato harvest index was affected by the effect of variety and planting 
method. The highest percent harvest index (78.5%) was obtained from Kulfo variety planted from vine cuttings. On 
the reverse, the lowest (65.7%) percentage was recorded from Awasa-83 planted from tissue culture regenerants 
(Table 3). 

Table 2. Harvest index (%) 

Variety 
Planting Method 

Cutting Sprout T.Culture 

Kulfo 78.5 a 76.8ab 74.83 b 

Hawassa-83 68.17 ab 68.9 a 65.7 c 

LSD 0.0198 

CV 2.14 
Notes. Values within columns and rows assigned by the same alphabet are not significantly different at the 5% level of significance. CV = Coefficient 
of variation, LSD=Least significance difference. 
 

The current research finding revealed that the Kulfo variety showed superiority over Awasa-83 in producing a 
higher harvest index than Awasa-83. This finding is consistent with the report of Lemma et al. [16], who recorded 
a higher harvest index from the Kulfo variety. 
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4. Conclusion 

The present field experiment was conducted to evaluate and compare the growth and yield performance of tissue 
culture-regenerated and conventionally raised sweet potato cultivars and to identify the most promising cultivar and 
planting method. Under the environmental conditions of the study location and season, Kulfo exhibited superior 
overall growth and yield performance compared with the other evaluated cultivar(s), indicating its potential for local 
production. The sprouting planting method also showed better performance and was identified as the more promis-
ing planting method under the conditions of the experiment. The findings are agronomically and practically sub-
stantial because the identification of a better-performing cultivar and planting method can contribute to improved 
sweet potato productivity and more efficient utilization of planting materials. In particular, the superior performance 
of Kulfo under the sprouting method provides a useful basis for further evaluation and potential promotion of this 
combination in areas with similar production conditions. The study also provides baseline information for future 
research on the field establishment and productivity of tissue culture-derived sweet potato planting materials. 
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