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Abstract: A climate-resilient, root-based sweetpotato
planting material (SPM) conservation method called
“Triple S” or “Storage in Sand and Sprouting” has
created timely access to sweetpotato planting material
in areas with a prolonged dry season in Uganda and
Tanzania. The aim of this study was to validate and opti-
mize the Triple S method for conservation of sweetpotato
planting material in dry areas of southern Ethiopia. The
Triple S method was validated in four districts of southern
Ethiopia on varieties Kulfo and Awassa 83 and compared
with two common local planting material conservation
methods: leaving “volunteer roots” in the soil which
then sprout at the onset of rains; and planting vines
under shade or mulch. Across study locations and for
both varieties, Triple S resulted in a higher survival rate
(81-95%) in storage during the dry season compared to
the local conservation methods (7-57%). Plants of both
varieties grown from roots conserved with the Triple S
method showed significantly higher vine growth and
lower weevil and virus infection symptoms compared
to plants grown from the two local conservation methods.
An additional experiment found that planting at the start
of the main rainy season in June and harvesting just before
the start of the dry season in October gives the highest
number of medium-sized and weevil-free roots suitable
for Triple S. The current study demonstrated that the
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1 Introduction

The Southern Nations, Nationalities, and Peoples’ Region
(SNNPR) is the major sweetpotato producing region of
Ethiopia, it covers 65% of the total area under sweetpotato
production of the country [1]. Sweetpotato is the main food
security crop in SNNPR, but the lack of planting material is
constraining the production and role of sweetpotato for
food security [2-4]. The effort to disseminate orange-
fleshed sweetpotato (OFSP) varieties to fight vitamin A
deficiency is being affected by the inability to get access
to the planting material [5]. Vines from farm-grown sweet-
potato plants are the main source of sweetpotato planting
material in SNNPRs [6]. Traditionally, farmers in southern
Ethiopia conserve sweetpotato planting material during
the dry season by either: (1) planting under the shade of
enset plant at the backyard, (2) conserving vines in a wet
part of the farm under mulch, (3) a combination of (1) and
(2), or (4) leaving some roots in the soil at harvest which
then sprout with the onset of rains (“volunteer plants”)
[6-9]. Where farmers cannot rely on volunteer plants
because of too harsh conditions during the dry season,
they may bury fresh roots in a wet and fertile part of the
farm which then sprout at the onset of rains similar to
volunteer plants [7,10].

On-farm conservation of sweetpotato planting mate-
rial is challenging as lack of water and heat stress during
the dry period cause planting material to dry out before
the start of the rainy season [10,11]. The loss and subse-
quent shortage of planting material is a major constraint
to sweetpotato production in Ethiopia [7-10]. According
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to McEwan [7] and Gibson [8], this lack of planting mate-
rial is the main reason why the crop is grown less with
increasing distance from the Equator, further impover-
ishing some of the poorest people in Africa in countries
such as in Ethiopia, Sudan, Mozambique, Zimbabwe, and
Malawi. The on-farm conservation of planting material is
further constrained by the pressure from sweetpotato
virus diseases (SPVD) and sweetpotato weevil, which
intensifies during the dry season [2,12,13] and leads to
low-quality planting material. Use of such material as
seed can result in a yield reduction up to 70% [14]. To
replenish the lost planting material or renew the deterio-
rated stock, quality declared planting material is not
available in the local seed market; if available, it is
expensive and most resource-poor sweetpotato produ-
cers cannot afford to buy it [15]. In some areas of SNNPR,
farmers were forced to stop growing sweetpotato because
of the lack of planting material following loss of farm
growing sweetpotato in drought years (personal commu-
nication). There have been extensive planting material
distribution programs to restore sweetpotato production,
but in the driest areas, the distributed material gets
lost within a few seasons. More recently, government
and development organizations have distributed planting
material of beta-carotene rich OFSP varieties to improve
the population’s access to micronutrients, in particular
Vitamin A [16]. However, the inability of the farmers
to conserve planting material during the dry season
constrains the sustained production of these varieties
[17-20]. As a result, resource-poor farmers have not
been able to benefit from the food, nutrition, and income
benefits of OFSP varieties.

The development of the Ethiopian sweetpotato sector
depends on cost-effective planting material conservation
and production methods [12]. Aware of the need for inno-
vative approaches for tackling planting material shortage
in an affordable way, the International Potato Center and
the Natural Resources Institute in the United Kingdom
jointly developed a climate-resilient and affordable root-
based sweetpotato seed conservation technique called
“Triple S,” or “Storage in Sand and Sprouting” [21]. Triple
S was initially developed for areas in Uganda with a dry
period of 3 months and then later validated in dry parts of
Tanzania where the duration of the dry period is 5 months
[21]. For successful use of the Triple S method, stored
roots should sprout slowly and survive the dry period
without spoilage and drying [21]. The technology created
timely access of clean planting material where sweetpo-
tato farmers in dry part of Uganda and Tanzania could
plant sweetpotato at the start of rain and harvest early to fill
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the hunger period [11]. Although sweetpotato propagation
by root piece is known for its high genotype by environ-
ment interaction and yield instability [22], planting
material derived from Triple S method is true-to-type
and same as other vine based propagation except the
vine is grown from sprouted roots [11,21]. However,
humidity, temperature, genotype, and the length of
the dry season may affect the success of Triple S in a
given environment by affecting sprouting, weight loss
(dryness), and spoilage (rotting) [20,22-25]. Storage
condition with higher humidity and high temperature
promote sprouting, while lower humidity leads to rapid
weight loss and slow sprouting of sweetpotato roots
[22,23,26]. The type of agronomic management such as
organic fertilizer, harvesting age, and stress affect the
post-harvest characteristics of sweetpotato roots at sto-
rage where application of organic fertilizer affected
sprouting, weight loss, and rotting [24,25]. The effect
of genotype is also an important factor that determines
the sprouting and slip production potential of sweetpo-
tato roots when used as multiplication material [11,27,28].
Sweetpotato farmers in Ethiopia do not practice ex-situ
root conservation method [2,12,28], but these farmers
have high technical efficiency to practice new technolo-
gies [29] that is required to adopt technologies like Triple
S. Therefore, validation of Triple S in SNNPR was con-
ducted to study the suitability of Triple S in SNNPR where
there is difference in agro-ecology, variety, length of dry
season, and farming system than the place where Triple S
was developed.

2 Materials and methods

The aim of this study was to validate and optimize the
Triple S method for conservation of sweetpotato planting
material in dry areas of southern Ethiopia. Using the
Triple S method, a farmer selects and stores healthy
sweetpotato roots in a container lined with a sheet of
newspaper and layers of dry sand for the duration of
the dry season. Roots stored in the sand will sprout
slowly without rotting or drying. 6-8 weeks before the
rains start, the roots which have sprouted are planted out
for further multiplication in seed root beds and watered
twice a week. When the rains start, the vines in the root
bed can be harvested and used as planting material.
A single stored root can give up to 40 vine cuttings.
The Triple S method was tested for varieties Kulfo and
Awassa 83 and compared with two common local
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planting material conservation methods: leaving “volun-
teer roots” in the soil which then sprout at the onset of
rains and planting vines under shade or mulch.

2.1 Selection of study areas, research
groups, and research plots

The research took place in four sweetpotato growing
districts in the SNNPR: Mirab-Abaya, Hawassa-Zuria,
Humbo, and Kedida-Gamela in 2015 and 2016. These dis-
tricts differ with regard to precipitation, temperature, and
length of the dry season (Figure 1). Mirab-Abaya district
receives the lowest annual rainfall (773 mm), followed
by Hawassa-Zuria (940 mm), Humbo (1,140 mm), and
Kedida-Gamela (1,120 mm). December, January, and Feb-
ruary are dry months (called “Bega”) for all districts
(Figure 1). From March—May, rainfall starts to increase
with the rate of increase depending on the district. This
period is called “Belg.” The main rainy season in which
farmers plant their crops is between June and August
and is called “Kiremit.” Rainfall declines starting from
September, depending on the district, and completely
stops in November, and this period is called “Meher.”
Hawassa-Zuria has the longest period of 5 consecutive
dry months receiving less than 2 mm rainfall a day starting
from October to February followed by Kedida-Gamela and
Mirab-Abaya which have 4 months and Humbo has only
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3 consecutive dry months between December and Feb-
ruary. Mirab-Abaya has the highest maximum tempera-
tures during the dry period (“Bega”) season making it
the harshest of all to field growing plants during the
dry period. The main sweetpotato planting time in the
two driest districts, Mirab-Abaya and Hawassa-Zuria, is
between May and June. In Humbo and Kedida-Gamela,
sweetpotato is planted at the end of the rainy season
starting from September for root production in the main
farm based on residual moisture and for planting material
conservation under enset (Ensete ventricosum) shade
during the dry season.

In each of the selected districts, one main sweetpo-
tato producing peasant association (kebele) was selected
in consultation with the district Bureau of Agriculture
and Natural Resource Development office. In each pea-
sant association, 30 sweetpotato farmers were identified
and grouped into 3 Farmer Research Groups (FRG) of 10
farmers each. In total, 12 FRGs, 3 in each district, were
formed. Consultation meetings (one per kebele) were car-
ried out to select one host farmer per FRG and to identify
the main two local sweetpotato planting material conser-
vation methods. In each FRG, the selected host farmer
provided an experimental field and managed the experi-
ment described below. In addition, the selected farmer
hosted meetings with FRG members to demonstrate the
different steps of the Triple S method and to collect data.
Throughout the experiment, there were five meetings
conducted with each FRG to introduce the research
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idea, demonstrate the Triple S method, collect data, and
manage the conservation plots.

2.2 Participatory identification of local
conservation methods

At the start of the experiment, the researcher asked the
members of each FRG to identify sweetpotato planting
material conservation methods used by farmers during
the dry season in their area. In Kedida-Gamela and
Humbo districts, where the length of the dry season is
only 3 months, farmers practice a combination of planting
under the shade of enset, with mulching, and using vines
from volunteer plants. Enset is also known as “false
banana” and has a similar shape and grown in clusters
similar to banana trees. In Mirab-Abaya and Hawassa-
Zuria, no shade trees are available and most farmer
use vines from volunteer plants, although conserving
vines under mulch (without shade) is also practiced.
Accordingly, planting in shade (if available) with mulching
and the use of vines from sprouted volunteer roots were
identified as the two commonly used conservation methods
for planting material.

2.3 Experimental design of participatory
validation of the Triple S method

Members of the FRG were involved in experimental setup,
management, and data collection. Participatory valida-
tion of Triple S was conducted by comparing the Triple S
method and the selected two local conservation methods
in each area (FRG). Accordingly, there were three planting
material conservation treatments: the Triple S method
(“Triple S), using vines sprouted from roots that remained
buried in the soil during the dry season (“volunteer”), and
preserving vines under shade or mulch (“shade/mulch”).
The Triple S method was adopted from the work con-
ducted in Uganda by Namanda et al. (2013). In each
FRG, the experiment was installed with one replicate,
and hence FRGs within the district served as replicates,
with three replicates per district. Therefore, the experiment
had two factors: district and conservation method. In
Mirab-Abaya, Humbo, and Kedida-Gamela, two locally
available varieties Awassa 83 and Kulfo were used for
the experiment. In Hawassa-Zuria, only one variety,
Kulfo, was used as there was no good quality roots for
Awassa 83 at the time of the experiment. Awassa 83 is a
local, white-fleshed sweetpotato variety, while Kulfo is
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an OFSP variety that is being promoted in Ethiopia to
address vitamin A deficiency. Farmers claim that Kulfo
is more sensitive to drought than Awassa 83, which
makes difficult to conserve planting material of Kulfo.
The experiment was established in December 2014, after
the long rainy season. Sweetpotato roots and vines were
obtained from a certified commercial vine multiplication
company (Jara Agro Industry).

For each Triple S treatment, 40 roots were used. The
roots were harvested from visually clean, disease-free
sweetpotato plants (based on observation). Medium size,
disease-free, weevil-free, and undamaged roots were care-
fully selected and transported to the study locations.
Members of the FRGs collected sand from nearby areas.
The sand was sun-dried and placed in a dry place under
shade to cool down. Each FRG prepared an 80 cm diameter
plastic basin for both varieties. First, the basins were lined
with dry newspaper. Then, a 2cm layer of sand was
poured into the basin and the selected roots were carefully
placed on the sand without touching other roots. A 2cm
layer of sand was added on the top of the roots and sub-
sequently other layers of roots were placed in a similar
way until the basins were full, ending with a 10 cm layer
of sand on top. The Triple S basins were then kept in a safe
and dry place in the main house of the host farmer.

For the volunteer treatment, 20 roots were buried in a
humid and fertile part of the farm of the host farmer at the
same time as establishing the Triple S basins. Each root
was buried in a 30 cm deep hole as per the local practice.
For the shade/mulch treatment, 20 vine cuttings were
planted under shade trees located at the backyard of
the host farmer’s farm using a spacing of 30 cm x 60 cm
between plants and rows, respectively. In Humbo and
Kedida-Gamela districts, fertile backyard land with enset
plants were used as planting blocks whereas in Mirab-
Abaya and Hawassa-Zuria, where enset is not grown,
vines were planted in a fertile and humid part of the
farm selected by the farmer and mulched with grass
and cow dung.

Based on the starting time of rainfall which was
after 179, 149, 110, and 102 dry days in Mirab-Abaya,
Hawassa-Zuria, Humbo, and Kedida-Gamela, respec-
tively, Triple S roots that had survived and were sprouting
at the end of the storage period were planted out in a
seed root bed for vine multiplication. The sprouted roots
were buried at a depth of 30 cm using 50 cm x 50 cm
spacing between roots and rows. At this time, data on
the number of surviving roots survived under the Triple
S method and volunteer treatments as well as number
of surviving vines in the shade/mulch treatment were
collected.
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The seed beds were not irrigated as they were estab-
lished at the start of the rainy season at each district.
Forty-five days after planting out the sprouted roots
from the Triple S basins (July 2015 for Mirab-Abaya,
June 2015 for Hawassa, and May 2015 for Humbo and
Kedida-Gamela), vines from the three treatments were
harvested. First, the FRG members counted the number
of plants in each of the treatment plots (stand count).
Vine length was measured from five surviving plants
per plot (and from all remaining plants if less than five
had survived). The vine length of all branches longer
than 30cm of every plant was measured. Total vine
length was calculated by adding the length of the main
stem and those of the branches. Damage from weevil
infestation and viruses were evaluated by counting the
number of plants which were attacked by weevils and/or
viruses, and presented as the percentage of plants affected.
Survival rate of planting material during the dry season
was calculated as:

Stand count at vine harvesting time %1 000/0 . (1)

Survival rate = Number of roots or vines conserved

Vine cutting productivity was defined as the number of
30 cm vine cuttings harvested per root or vine stored
using the different conservation methods and calculated
as follows:

Cutting productivity = Survival rate x Number of cuttings per plant. (2)

2.4 Local optimization of planting and
harvesting time of roots for the Triple S
method

After understanding the potential of Triple S to conserve
better quantity of quality sweetpotato planting material
than the conventional methods, a follow-up experiment
was conducted in an attempt to synchronize the main
Triple S steps with the districts’ sweetpotato planting
times. The study aimed at identifying the right time for
planting and harvesting of sweetpotato to produce high
quality roots to be conserved as planting material using
the Triple S method. High quality roots for storage are
roots that are medium in size, undamaged, and free
from weevil infection and from plants without viruses.
The effect of harvest time on the quality of roots for
conservation as planting material using the Triple S
method was tested for two different planting times, in
April 2016 (early planting) and June 2016 (normal planting
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time). The variety Kulfo was used for the experiment. Vine
cuttings of 30 cm were planted using a spacing of 30 cm
and 60 cm between plants and rows, respectively, in
6m x 3m plots (10 rows of 10 plants per row making
100 plants per plot). From each plot, 3 rows excluding
the border plants (24 plants) were harvested during 3 conse-
cutive harvesting times in September, October, and November
for the plots planted in April 2016, and October, November,
and December for the plots planted in June 2016. Data on
root yield, number of small-, medium-, and large-sized
roots which weigh approximately 100-200, 200-400,
and 400-550 g, respectively (based on farmers’ stan-
dard of classification by visual observation) and number
of weevil-damaged roots were collected at harvest.

2.5 Data analysis

Data were analyzed using a mixed model with district
and planting material conservation method as fixed fac-
tors and FRG as random factor (replication). For the vali-
dation experiment, the analysis of treatment effects on
vine characteristics was conducted for the two varieties
separately. The experiment to evaluate the effect of har-
vest time on root quality was analyzed using a mixed
model with harvest time and district as fixed factor and
FRG as random factor (replication). The analysis of treat-
ment effects was conducted for each planting time sepa-
rately. SPSS statistical software version 24 was used for
the analysis.

3 Results

3.1 Participatory validation of the Triple S
method

3.1.1 Survival of planting material during the dry season

In all locations, percentage of root survived for both
varieties (Kulfo and Awassa 83) stored using the Triple
S method was significantly higher than percentage of
survived plants conserved using the mulch/shade and
volunteer methods. Comparison between the two local
conservation methods showed for both varieties that
there was no significant difference in Hawassa-Zuria
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and Mirab-Abaya; however, the volunteer method resulted
in a higher survival than the shade/mulch method in
Humbo and Kedida-Gamela for variety Kulfo. Awassa
83 conserved using the volunteer method performed
better in Humbo but poorly in Kedida-Gamela. (Table 1).
Comparison among the locations showed difference
among the conservation methods. In variety Kulfo, the
survival of planting material subjected to Triple S treat-
ment was higher in Mirab-Abaya and Hawassa-Zuria
compared to Humbo and Kedida-Gamela. In contrast,
Kulfo conserved in mulch and volunteer method showed
lower rate of survival at Mirab-Abaya and Hawassa-Zuria
compared to Humbo and Kedida-Gamela. For Awassa 83,
survival of planting material in the Triple S treatment was
not affected by location; but survival in the volunteer treat-
ment was significantly lower in Mirab-Abaya and higher in
Kedida-Gamela followed by Humbo district (Table 1).

3.2 Vine length and cutting productivity

Vine length per plant at 45 days after planting the roots in
the seed bed using sprouted roots stored under the Triple

Table 1: Effects of conservation methods and locations on plants/
roots survived (%) over the dry period in southern Ethiopia (2015)

Planting material survival rate (%)

Mirab- Hawassa- Humbo Kedida-
Abaya Zuria Gamela
Kulfo
Triple S 95 95 83 81
Shade/mulch 7 13 33 37
Volunteer 8 12 57 46
Probabilities of F-statistics SED?
Conservation (C)  ***
Location (L) kol
CxL Fokk 2.6-3
Awassa 83
Triple S 83 87 84
Shade/mulch 20 33 42
Volunteer 18 65 34
Probabilities of F-statistics SED?
Conservation (C)  ***
Location (L) *kk
CxlL *kk 3.4

9Standard error of the difference; where range is indicated, the
smallest value should be used for comparisons within location and
the largest value for comparisons between locations; *** — P < 0.001;
ns — not significant.
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S method was significantly higher than vine length of
the surviving plants from the shade/mulch and volunteer
treatments in all locations and for both varieties. Average
vine length per plant for Kulfo and Awassa 83 were 581
and 565cm in the Triple S, 141 and 300 cm in shade/
mulch, and 200 and 246 cm in the volunteer treatments,
respectively (data not presented).

Comparison across the three conservation methods
showed that the Triple S method resulted in the highest
cutting productivity in all locations compared to the
two local conservation methods. The highest number of
cuttings were obtained from the Triple S roots of both
varieties Kulfo and Awassa 83 in Hawassa-Zuria and
Humbo districts, respectively (Table 2).

Cutting productivity of Triple S was significantly
affected by location where the highest and lowest number
of cuttings were obtained at Hawassa-Zuria and Kedida-
Gamela, respectively. Likewise, the locations differed
significantly in cutting productivity derived from shade/
mulch and volunteer treatments. Plants from both shade/
mulch and volunteer treatments in Humbo and Kedida-
Gamela gave a higher cutting productivity compared to
Mirab-Abaya and Hawassa-Zuria for both varieties. On an
average across locations, cutting productivity was higher
for the volunteer treatment compared to the shade/mulch
treatment for both varieties (Table 2).

3.3 Rate of weevil infestation

Conservation of roots of both varieties in Triple S method
and planting out the sprouted roots in seed beds showed
zero percentage weevil infestation across all locations. In
contrast, conservation using the shade/mulch and volun-
teer treatments resulted in higher weevil infestation.
Kulfo showed higher susceptibility to weevils compared
to Awassa 83. In general, conservation under shade/
mulch showed a significantly lower rate of weevil damage
than the volunteer conservation method across all loca-
tions. This was with the exception of Mirab-Abaya where
Kulfo conserved in either of the local method showed
same weevil damage (89%). There was a significant dif-
ference across locations: in Mirab-Abaya and Hawassa-
Zuria, both varieties scored a higher rate of weevil
damage compared to Humbo and Kedida-Gamela. For
both varieties there is no significant interaction between
location and conservation methods for weevil damage
(Table 3).
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Table 2: Effect of conservation methods and locations on number of multiplied cuttings in dry areas of southern Ethiopia

Cutting productivity (number of 30 cm cuttings) Average
Mirab-Abaya Hawassa-Zuria Humbo Kedida-Gamela
Kulfo
Triple S 320 405 344 298 342
Shade/mulch 3 12 41 57 28
Volunteer 5 1 64 62 35
Probabilities of F-statistics SED?
Conservation (C) ookl
Location (L) ns
CxL Fkk 14-16
Awassa83
Triple S 304 - 353 306 321
Shade/mulch 31 - 77 90 66
Volunteer 17 - 129 71 72
Probabilities of F-statistics SED?
Conservation (C) Fkk
Location (L) *kk
CxL xkk 12

9Standard error of the difference; where range is indicated, the smallest value should be used for comparisons within location and
the largest value for comparisons between locations; *** — P < 0.001; ns — not significant.

Table 3: Effect of conservation method and location on percentage
of weevil-infested plants in multiplication plots

Percentage of weevil affected plants

Mirab- Hawassa- Humbo Kedida-
Abaya  Zuria Gamela
Kulfo
Shade/mulch 89 75 29 37
Volunteer 89 97 55 72
Probabilities of F-statistics SED¢
Conservation (C)  *** 5
Location (L) Fokk 8
CxL ns
Awassa 83
Shade/mulch 41 25 27
Volunteer 74 49 52
Probabilities of F-statistics SED?
Conservation (C)  *** 2
Location (L) Fokk 3
CxL ns

NB: infestation by weevils was zero in the Triple S treatment for all
locations and both varieties and results are not shown. “Standard
error of the difference; where range is indicated, the smallest value
should be used for comparisons within location and the largest
value for comparisons between locations; *** — P < 0.001;
ns - not significant.

3.4 Percentage of plants with SPVD
symptom

Visual observation and scoring of SPVD symptoms in
multiplication plots derived from Triple S roots were sig-
nificantly lower than shade/mulch and volunteer treat-
ments for both varieties across all locations. For both
varieties, conservation using the shade/mulch method
showed significantly higher percentage of SPVD infected
plants than the volunteer method in all locations except in
Mirab-Abaya for variety Awassa 83 (Table 4). The highest
prevalence of SPVD symptoms (75%) was observed in
plots with the shade/mulch treatment in Hawassa-Zuria,
while the lowest SPVD prevalence was observed in
Triple S derived plots in Kedida-Gamela for variety
Awassa 83 (0%) and Humbo for variety Kulfo (1%).
There was a significant difference by location for SPVD
symptoms where Mirab-Abaya and Hawassa-Zuria scored
higher than Humbo and Kedida-Gamela (Table 4).

3.5 Local optimization of planting and harvesting
time of roots for the Triple S method

Sweetpotato planted in April (Belg season) and June (Meher
season) and harvested in September and October,
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Table 4: Effect of conservation method and location on percentage
of plants with SPVD symptoms

Percentage of plants with SPVD symptoms %

Mirab-  Hawassa- Humbo Kedida-
Abaya Zuria Gamela
Kulfo
Triple S 5 7 1 4
Shade/mulch 75 100 37 27
Volunteer 44 28 27 14
Probabilities of F-statistics SED¢
Conservation (C)  *** 6
Location (L) Fkk 7
CxL ns
Awassa 83
Triple S 9 13 0
Shade/mulch 74 49 35
Volunteer 70 26 47
Probabilities of F-statistics SED?
Conservation (C)  *** 9
Location (L) Fokk 7
CxL ns

9Standard error of the difference; where range is indicated, the
smallest value should be used for comparisons within location and
the largest value for comparisons between locations; *** — P < 0.001;
ns — not significant.

respectively, scored significantly lower weevil infestation
compared to the delayed harvesting times in all areas.
Planting in April and harvesting in November resulted in
the highest weevil attacked root percentage of 64, 62, 51,
and 50% in Mirab-Abaya, Humbo, Kedida-Gamela, and
Hawassa-Zuria, respectively. Similarly, planting in June
and harvesting in December also resulted in higher
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weevil damage of 56, 41, 40, and 42% in Mirab-Abaya,
Humbo, Kedida-Gamela, and Hawassa-Zuria, respec-
tively (Figure 2). Generally, it was observed that early
harvesting during the time period between September
and November resulted in significant reduction in weevil
damaged roots than in late harvesting in December
(Figure 2).

Harvesting time of roots affected the number of dif-
ferent size of roots, where planting in June and harvesting
in October resulted in higher number of medium-sized
roots. The number of large root size increased when har-
vested late in December and harvesting in September
resulted in higher number of small-sized roots (Figure 3).

4 Discussion

The present study shows that the Triple S method for
planting material conservation results in a higher number
of high-quality vine cuttings available for planting com-
pared to the local conservation methods in the SNNPR in
Ethiopia.

The validation experiment for comparing the Triple S
method with the common local conservation methods
was conducted in the dry season between December
and April. During this time, average maximum tempera-
tures in Mirab-Abaya, Hawassa-Zuria, Kedida-Gamela,
and Humbo were 33, 30, 29, and 28°C, and average rain-
fall was 112, 150,144 and 100 mm, respectively (Figure 1).
This means that the areas experienced drought stress
with less than 1 mm of rainfall per day on average. Roots
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Figure 2: Percentage of weevil-infested roots for different harvest times in four districts in southern Ethiopia (2016). Values with different

letters differ significantly at P < 0.001.
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Figure 3: Percent of large, medium, and small sizes of roots in September, October and December harvesting.

and vines conserved under the volunteer and shade/
mulch treatment were exposed to the water and heat stress
conditions which were too hot and dry to survive and grow
vigorously. Survival rates using the local conservation
methods were much lower in the districts Mirab-Abaya
and Hawassa-Zuria where the dry season is longer with
higher temperature and lower annual rainfall (Figure 1)
than the Humbo and Kedida-Gamela districts where the
condition is less harsher. However, Triple S performed best
in all of these districts. This shows that the advantage of
Triple S is greatest in the driest and hottest districts.
According to the FRG members, damage by rodents and
livestock were other factors contributing to the low sur-
vival rate in the two conventional methods unlike roots
stored using the Triple S method which is stored in pro-
tected place. During the dry season, most plants that
serve as a source of forage dry out making the sweet-
potato vine conservation plots an easy target for grazing
animals [8,11,21].

Although considerable care was taken to select clean
roots that were not damaged by weevils or which had
mechanical injury, not all roots stored under the Triple
S method successfully survived the storage period due to
drying and rotting. According to Namanda et al. [21], the
main factors that affect the loss of roots stored under the
Triple S method are drying and rotting. The drying mainly
occurred as the upper sand cover was disturbed and the
roots were exposed to high evapotranspiration. This loss
in Triple S can be reduced by improving the selection and
covering the upper layer of roots with a layer of 5-10 cm
sand. If the sand on the upper layer is very thin, the roots

will be exposed to the external environment leading to
excessive transpiration, loss of water, subsequent drying,
and death of root eyes, and/or attack by rodents or
poultry. The water content of Kulfo and Awassa 83 is
between 70 and 80% [2] which is higher than the water
potential of the outside environment. Sweetpotato roots
loose a significant quantity of moisture by transpiration
especially after sprouting has started and may rapidly
become dry or shrink [24]. To avoid the drying of roots
during storage, there is a need to regularly follow up and
monitor the storage container to remove any rotting roots
and to make sure that all stored roots are covered prop-
erly. Although it is recommended to cover the top layer of
Triple S storage by 5-10 cm of sand [21], it was observed
that the upper layer of sand can be easily uncovered by
chickens, rats, or moving the storage container rendering
the top layer of roots vulnerable to damage. In some
cases, drying was observed even with adequate sand
cover indicating the importance to adjust the thickness
of the upper sand cover for different sand types, coarse-
ness, and storage volumes. However, a sand cover that is
too thick can restrict air movement which limits the
oxygen level in the storage medium. Sweetpotato roots
are in continuous respiration during storage and there-
fore, there should be enough oxygen in the storage
medium to avoid possible decay [30].

The higher survival rate of planting material con-
served with the Triple S method compared to the local
conservation methods was accompanied by a higher vine
productivity. Our results show that with the Triple S
method, up to 1,620 high quality 30 cm vine cuttings
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can be obtained from a basin with 40 roots from the first
and ratoon harvest (assuming the same number from
ratoon), which is sufficient to plant an area of 486 m?
(taking into account 1m x 0.3 m planting spacing). This
is in agreement with ref. [21] where it was reported that a
basin of 40 roots stored with the Triple S method can
generate around 1,500 cuttings by the onset of rains.
Although there are many factors that influence vine
yield of sweetpotato roots, root size and temperature
are critical apart from availability of enough water for
the growing sprouts [31].

Sweetpotato weevils lay their eggs inside the vines or
storage roots and on hatching gradually burrow their way
into the healthy parts unless protection measures are
taken earlier [32]. Cuttings derived from the Triple S sto-
rage had a lower weevil damage rate than cuttings from
the conventional conservation methods. The absence of
a weevil source in the Triple S storage condition and the
fact that with Triple S, sprouted roots are transplanted
after the onset of rains might explain the observed lower
weevil damage. However, plants of both the volunteer
and the shade/mulch treatments were highly infected
by weevils as plants were conserved under field condi-
tions during the hottest and driest months of the year
which is a conducive environmental condition for weevils
[33]. This coupled with the already present weevil popu-
lations results in continued cycle of high weevil infesta-
tion. In addition to the dry and hot conditions, the fact
that plants in both volunteer and shade/mulch treat-
ments were exposed to weevils for a long period (3-6
months) increased the probability and severity of weevil
infestation. Generally, there is high prevalence of sweet-
potato virus disease in the study area is high and
it is expected that on farm vine conservation results in
a higher rate of virus infection compared to the isolated
method of Triple S, due to a longer period of exposure
to vectors responsible for virus. The most important
viruses such as sweetpotato feathery mottle virus,
sweetpotato chlorotic stunt virus, and the sweetpotato
virus disease have been reported in the study area
[34].

Sweetpotato planted in April and June and harvested in
September and October gave highest number of medium-
sized weevil-free roots than plants planted in both months
but harvested in December. Previous studies in Ethiopia
have shown that planting in June gave rise to higher
yield of high quality roots [12] and delayed harvesting
after rain secession results in higher rate of weevil infes-
tation [5]. Planting out the sprouted roots mid-February
to early March is important to multiply enough quantity
of planting material for planting the sweetpotato crop in
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April and May. However, where water is available for
irrigating the seedbeds, planting out the sprouted roots
even earlier than mid-February will enable farmers to
plant sweetpotato at the beginning of the Belg season.

5 Conclusion

The validation experiment proved that the root-based
sweetpotato planting material conservation method called
“Triple S” performs better than the conventional sweet-
potato planting material conservation methods in the
SNNPR region in Ethiopia in terms of quantity and
quality of vines for planting available at the onset of
rains. The ability to conserve planting material during
the dry season is the main determinant to plant sweet-
potato on time and harvest early to fill the hunger gap.
Generally, the conservation of 40 roots is enough to
multiply more than 820 cuttings at the start of the
planting time. Assuming the same number of cuttings
from the ratoon, it is possible to harvest 1,640 cuttings
by conserving 40 roots in Triple S method which enables
farmer to plant 486 m? land just in few weeks after the rain
started. The technology is best suited to conserve planting
material of drought-sensitive sweetpotato varieties like the
OFSP variety Kulfo. Therefore, it is recommended that
promotion, distribution, and dissemination of new vari-
eties are accompanied by promotion of the Triple S
method of vine conservation. Since the success of the
Triple S method is highly dependent on sprouting char-
acteristics of the variety, it is furthermore important to
consider root sprouting characteristics of a variety when
recommending the number of medium-sized roots that
should be conserved in Triple S to get required number
of cuttings. In addition, future sweetpotato breeding
programs in Ethiopia should consider incorporating
the sprouting characteristics in variety development
programs.
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