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Abstract: Low yields and yield instability due to the use of old land races were limiting sweet potato production by
resource-poor farmers in the zone. The Experiment was conducted at Bore Agricultural Research Center during 2018 and 2019
summer cropping season at Adola sub station and on-farm with the objective of identifying the cultivars, which could have
wide or specific adaptations, and to select and recommend adaptable, frost and disease tolerant and high yielding orange type
sweet potato cultivars for midlands of Guji Zone. To this effect four (Kaboli, Naspot 12, Naspot 13, Kaboli and local)
improved orange varieties of sweet potato, [pomoea batatas L., based on their yield and disease resistance performance were
tested in RCBD with three replications with the spacing of 100cm*30cm between rows and plants, respectively. A widely
cultivated variety (Local) was included as check. The combined analysis of variance across locations showed significant
variation among genotypes and locations interaction for the number of roots, root weight, marketable yield, unmarketable yield
and total storage root yield (t/ha). Based on this, the maximum mean value of root number per plot (21.33, 36.66 and 21.33)
was recorded from Naspot-13, Naspot-12 and Naspot-13 variety at Dufa, Boke and Gobicha sites, respectively. However the
minimum (16.00, 19.33 and 16.00) mean value of root number was recorded from Local Variety across locations. The
maximum fresh root weight (670.33g and 444g) was recorded for Kabode and NASPOT-13 Variety over locations. On the
other hand, the lowest fresh root weight (447.33, 437.33g and 296.33g) was recorded by Kaboli variety at all locations. The
highest mean value of total root yield (65.09 t ha™ and 59.88 t ha™") was recorded by Naspot-13 at Dufa and Gobicha locations
in 2018 and 2019 cropping seasons. While Naspot-12 gave maximum (55.16 t ha™) total root yield at Boke location. However
Kaboli gave the least (43.09, 27.19 and 37.69 t ha™) total root yield over locations and years. Therefore Naspot 13 and Naspot-
12 sweet potato varieties were more adaptable, disease tolerant and high yielder and should be promoted to farmers of the
study areas for optimum production.
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sustainable food production. Among those sweet potatoes are
short cycle crops and thus well suited to the double cropping
seasons particularly the rain-fed system. Likewise, this crop
is one of the root and tuber crops grown in Ethiopia, and it is
the third important root crop next to Enset and Potato [6].
Sweet potato is a member of convolvulaceae family, genus

1. Background

Root and tuber crops, including cassava, sweet potato,
potato and yam are the most important food crops for direct
human consumption in Africa. These four crops are grown in
varied agro-ecologies and production systems contributing to

more than 240 million tons annually, covering around 23
million hectares. There are many compelling reasons for
encouraging these humble root and tuber crops for

Ipomia and species batatus [13]. It is accepted that the
cultivated sweet potato has originated in Central America or
tropical South America. Globally it is grown in an area of
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about 9.26 million hectares with a production of 126.18
million tons; average productivity being 13.6ton ha-1 [17].
Sweet potato is an important low-input crop for many places
in sub-Saharan Africa. This crop is also capable in efficiently
converting natural resources into a more usable product,
caloric energy in the growing season, which is the highest of
all major arable crops. As pressure on agricultural land
increases, improved productivity of these crops will be
needed. Women play a critical role in the production of these
crops; therefore, it is critical consider improvement of these
crops as a means to relieve gender in-equality within
agricultural systems. Strategic investment would ensure
effective variety development and adoption to accelerate
impact of technology.

The use of bio-fortified orange sweet potato rich in beta-
carotene, when introduced along with nutrition education at
the community level, is a proven cost-effective strategy for
providing vitamin A at high levels of bioavailability to
vulnerable populations, in particular young children and
pregnant and lactating women. On all these accounts, it
enhances the resilience of smallholder farming that is
frequently affected by low yields or crop failure of other
staple crops due to weather or disease. In parts of Ethiopia
sweet potato is a relatively new crop and much less
prevalent. However absence of improved sweet potato
varieties in the zone also has been a critical problem to its
production and productivity [8].

There are a number of biophysical and socio-economic
constraints that hinder the productivity of sweet potato under
farmers' circumstances. Among others, lack of high yielding
and acceptable quality, and pest resistant /tolerant varieties
and agronomic practices has been the limiting factors. To
mitigate the limiting factors and constraints of sweet potato
production and productivity, improvement activities with the
objectives to develop high yielding with acceptable quality
and/or pest resistant/tolerant varieties for different agro-
ecological zones has been one of the themes. Therefore,
efforts have been made to develop improved technologies
such as varieties that are high yielder, resistant to disease and
pests, and high above ground biomass for livestock feed.

2. Literature Review
2.1. Origin and Distribution

Sweet potato originated from tropical Central America.
Botanically, the underground part is classified as a storage
root, rather than a tuber. It can be cultivated in many different
climatic conditions; and as a result large areas of sweet
potato are cultivated in Asia, Africa, Europe, America and
Oceania [12]. Ethiopia ranks fifteenth in the world in terms
of sweet potato production [2]. It has been cultivated as crop
in Ethiopia for several years and over 95% of the crop
produced in the country is grown in south, south western and
eastern parts of the country, where it has remained for
centuries as an important staple for the community [4]. In
Ethiopia sweet potato ranks the first in total production

(42.84%) and the second in area coverage (25.43%) next to
Irish potato from root and tuber crops cultivated [1].

2.2. Climatic Requirements and Importance

Sweet potatoes are of tropical origin; they adapt well to
warm climates and grow best during summer. Sweet potatoes
are cold sensitive and should not be planted until all danger
of frost is past. The optimum temperature to achieve the best
growth of sweet potatoes is between 21 and 29°C, although
they can tolerate temperatures as low as 18°C and as high as
35°C. A well-drained sandy loam is preferred and heavy clay
soils should be avoided as they can retard root development,
resulting in growth cracks and poor root shape. Soil pH
should be adjusted to about 6.0 by applying lime or dolomite.

Orange-fleshed sweet potato (OFSP) contains high levels
of beta-carotene, which is converted by the body into vitamin
A. Just 125g of boiled OFSP can provide the recommended
daily allowance of vitamin A for children and women who
are not breastfeeding. In addition, OFSP contributes
significant amounts of vitamins C, E and several B vitamins,
as well as dietary fiber, iron and magnesium. Purple-fleshed
varieties, on the other hand, are rich sources of antioxidants.
Sweet potato leaves are also rich in vitamins, beta-carotene,
and functional compounds including protein, amino acids and
complex carbohydrates. Cultivated primarily for edible
storage roots; vines are used as vegetables in some parts of
the world. Both starchy roots and vines can be used as animal
feed or feed supplement. Various products such as candy,
pastas, flour, drinks are produced in local industries. Sweet
potato is a dual-purpose crop, as the roots are edible, and the
tops may be consumed as a green vegetable. Although the
leaves and shoots are also edible, the starchy tuberous roots
are by far the most important product. In some tropical areas,
they are a staple food-crop. Apart from the utilization of the
roots, stems and leaves are readily eaten by cattle, goats,
pigs, poultry and even fish when green or as hay or silage.
Humans consume vines as a green vegetable or salad green
[10].

Seasonal food shortage is amongst the principal problems
of farmers in mid-altitude areas of Southern Ethiopia. Sweet
potato is one of the most important root and tuber crop for
food and feed value. It is one of the twelve principal plant
species utilized as a human feed throughout the world. In
some of the worlds poorest nations, taro and sweet potato are
important part of food security packages [18]. Its root is used
as food and feed. As food the root is usually consumed in
boiled form. It is one of the cheapest sources of vitamin A.

Generally Sweet potatoes productivity is law under farmer
condition due to many factors one of which will be lack of
improved varieties. Endale et al [5] indicated that yield in
farmers field is low mainly because of unavailability of
improved genotypes and poor agronomic practices. One of
the main constraints among others in increasing yield ha™ is
lack of varieties of the crop which is adapted to specific
condition of the area.

Most sweet potato growers are resource poor, therefore
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consume imbalanced diets. Most sweet potatoes varieties
currently grown by farmers are poorly adapted, have low root
yields, less nutritive and white fleshed which have no beta
carotene, a precursor to vitamin A [16]. But among the
cheapest and richest sources of vitamin A, orange type
varieties, rich in beta carotene are well accepted by young
children [8]. The intensity of orange colored flesh sweet
potatoes root indicates the level of beta carotene [7].
Therefore, these OFSP varieties could be useful to combat
the widespread of vitamin A deficiency that results in
blindness and death of 250,000-500,000 African children
yearly [16]. Therefore developing and making available
adaptable, high yielding and pest and disease tolerant
varieties of Sweet potato is a priority concern in its
productivity increase strategy. The main objective of the
present study was to identify the cultivars, which could have
wide or specific adaptations, and to select and recommend
adaptable, frost and disease tolerant and high yielding sweet
potato cultivars for midlands of Guji Zone.

3. Materials and Methods
3.1. Description of the Study Area

The Experiment was conducted at Bore Agricultural
Research Center during 2018 and 2019 summer cropping
season at Adola sub-station, Gobicha, and Boke on-farm site
with the objective of identifying the cultivars, which could
have wide or specific adaptations, and to select and
recommend adaptable, frost and disease tolerant and high
yielding orange type sweet potato cultivars for midlands of
Guji Zone. The area is located in Guji zone southern Ethiopia
estimated 470 km far from Addis Ababa. Astronomically the
district is located between 05 53 680 and 038" 59 007
northing and easting latitude respectively.

3.2. Treatments and Experimental Design

Five (Kaboli, Naspot 12, Naspot 13, Kaboli and local)
varieties of orange fleshed sweet potato, [pomoea batatas L.,
varieties based on their yield and disease resistance
performance was tested with the spacing of 100cm*30cm
between rows and plants, respectively. Area occupied by a
single plot is 4m x2.4m, with a spacing of 1.5mx1m between
block and plot respectively. Thirty two cuttings of each
variety were planted on the plot. A randomized complete
block design with three replicates was used. The Net
harvestable plot was 2m x 2.4m x (4.8 m?). Total storage root
yield data was taken during the study and the central two
rows were harvested from each plot leaving border rows to
avoid border effects.

3.3. Experimental Procedures and Field Management

The experimental land was ploughed, disked and harrowed
and ridges were prepared manually with traditional hoes. At
crop stand date of planting, plant height at maturity number
of main stem branches and no of population at harvesting
was recorded. At harvest average root diameter, average root

length, number of root per plot, total root weight per hectare,
marketable root yield per hectare and unmarketable root yield
per hectare also recorded. 100 kg of UREA and NPS fertilizers
was used. Other agronomic and crop protection practices will
be adopted uniformly as per recommendation for production.
Harvesting was done five months after planting (SMAP) at all
sites and data on final stand count, representing final surviving
plants in a net plot was recorded. Using a weighing scale, fresh
root yield (kg) per plot was determined with marketable and
unmarketable roots considered for analysis. Analysis of
variance for the collected parameters was performed as per the
methods described by Gomez and Gomez (1984) using SAS
computer software (SAS, 2003) for randomized complete
block design and treatment mean comparison is done by
Fishers list significance difference (LSD) at 5%. Correlation
analysis among growth parameters was also done, using
Pearson correlation analysis of SAS version 9.3 statistical
software [14].

Table 1. Description of the five orange fleshed sweet potato varieties used as
experimental.

Name of the Year of

e release Source/breeder Type

Naspot 13 AwWARC Orange fleshed
Local Local community Orange fleshed
Kaboli AwWARC Orange fleshed
Kabode AwWARC Orange fleshed
Naspot 12 AwWARC Orange fleshed

Source: Awasa Agricultural Research Center

4. Result and Discussions

The present experiment was conducted to find out the
cultivars, which could have wide or specific adaptations, and
to select and recommend adaptable, frost and disease tolerant
and high yielding orange fleshed type sweet potato cultivars.
Therefore, the difference of cultivars on growth and yield of
sweet potato have been presented and discussed in different
tables and figures in this chapter. The results of the
experiment and possible interpretations have been made
under the following headings.

4.1. Survival Rate, Days to Maturity, Number of Roots Per
Plot and Average Root Weight

4.1.1. Survival Rate

All cultivars has a very highly significantly (P<0.001)
increased most of the growth and yield related parameters
considered in this study at Dufa, Gobicha and Boke. So plant
survival rate was highly significantly (P<0.05) different
between varieties. The analysis of variance showed that
sweet potato varieties Local (90.62%, 90.20% and 90.42%),
Kabode (78.12% and 78.12%) and NASPOT-13 (84.37%)
were recorded the highest survival rate at Dufa, Boke and
Gobicha locations, respectively. The lowest survival rate
(71.87%) and (67.71%) were recorded by Napot-12 and
Kaboli variety at Dufa and Gobicha locations, respectively
(Table 2, Table 4 and Table 6).
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4.1.2. Days to Maturity

Analysis of data for both varieties revealed non-significant
(P>0.05) result on maturity date at Dufa and Gobicha site
(Table 2 and Table 6). However days to maturity at Boke site
showed significant (P<0.05) difference among each cultivars.
The maximum day to maturity (166.66) was recorded for
NASPOT-13 and the minimum days to maturity (143.33)
was recorded for local variety at Boke location.

4.1.3. Number of Roots Per Plot

According to the results of ANOVA, highly significant
(P<0.05) differences were occurred in number of roots
among the sweet potato varieties at Dufa, Boke and Gobicha
(Table 2, Table 6 and Table 6). The highest mean value of
root number per plot (21.33, 36.66 and 21.33) was recorded
from Naspot-13, Naspot-12 and Naspot-13 variety at Dufa,
Boke and Gobicha sites, respectively. However the lowest
(16.00, 19.33 and 16.00) mean value of root number was
recorded from Local Variety in this experiment compared to
the remaining four varieties at Dufa, Boke and Gobicha sites,
respectively (Table 2, Table 4 and Table 6). This root number
difference may be come from genetic capability of the sweet
potato varieties [9].

4.1.4. Average Root Weight

Average Fresh root weight was significantly (P<0.05)
different among the sweet potato varieties evaluated for their
adaptability at Dufa for two years, Boke and Gobicha (Table
2, Table 4 and Table 6). The maximum fresh root weight
(670.33g and 444g) was recorded for Kabode and NASPOT-
13 Variety at all locations. On the other hand, the lowest
fresh root weight (447.33, 437.33g and 296.33g) was
recorded by Kaboli variety at all locations, which was
probably the poorest in fresh weight among the newly
introduced five improved varieties tested in the agro
ecological zone in the southern Oromia.

Table 2. Pooled Means of phenology and yield related variables of sweet
potato variety adaptation trial at Dufa during 2018 and 2019 cropping
season.

differences in fresh root yield, unmarketable fresh yield and total
root yield (t/ha) among varieties at P<0.05 within and among
locations and seasons (Table 3, Table 5 and Table 6). From the
analysis of the result, there were high significance difference
between the varieties at P<0.05. The maximum root yield (63.28
t ha” and 58.08 t ha"') was recorded by variety Naspot-13 at
Dufa and Gobicha locations in 2018 and 2019 cropping seasons.
But our Anova analysis showed that Naspot-12 was recorded
maximum (50.76 t ha™) fresh root yield at Boke location during
2018 cropping year. However the lowest tuber yield (39.64,
22.78 and 34.44 t ha) was recorded by varieties Kaboli at all
locations for both seasons (Tables 3, 5 and 6). The variability in
yield by different genotypes indicated their differing responses
to diverse environments and seasons (Mulema et al., 2008). The
difference in performance among the cultivars in a given
environment is in part due to genetic variability. Tesfaye et al.
(2011) also reported that significant variation between sweet
potato genotypes in yield and other desirable traits in their
adaptation trial in different agro ecologies of Ethiopia. Generally
this signifies the varieties to wider or specific adaptation to
maximum or low yielding as compared to other varieties.

Table 3. Pooled Means of yield variables of sweet potato variety adaptation
trial at Dufa during 2018 and 2019 cropping season.

Yield variables

Treatments

MRK(t/ha) UMRK(t/ha) TRY(t/ha)
NASPOT 13 63.28" 1.80° 65.08"
LOCAL 55.22% 1.96° 57.19%
KABOLI 39.64¢ 3.45° 43.09¢
KABODE 50.60° 1.07° 51.68°
NASPOT 12 60.21* 247° 62.69"
Mean 53.79 2.15 55.95
LSD (5%) 6.06 0.72 5.62
CV (%) 6.19 18.37 5.52

Phenology and yield related

Means in columns and rows followed by the same letter(s) are not
significantly different at 5% level of significance. Where, MRK=marketable
fresh weight per hectare (t); UMRK=unmarketable fresh weight per hectare
(t); TRY=total root yield (t).

Table 4. Means of sweet potato variety adaptation trial at Boke during 2018
cropping season.

Treatments SR (%) DM NRPP ARW(g)
NASPOT 13 72.91° 134.00 21.33° 581.66°
LOCAL 90.62° 152.33 16.00° 525.33%
KABOLI 76.04° 14233 18.33% 437.33¢
KABODE 78.12° 136.66 18.00% 670.33°
NASPOT 12 71.87° 135.00 17.66° 491.33%
Mean 77.91 140.06 18.26 541.26
LSD (5%) 12.36 ns 3.63 60.82
CV (%) 8.72 72 24.19 6.17

Phenology and yield related Variables

Means in columns and rows followed by the same letter(s) are not
significantly different at 5% level of significance. Where SR=survival rate,
DM=date to maturity, NRPP=average root number per plot, ARW=average
root weight (g).

4.2. Marketable Fresh Yield, Unmarketable Fresh Yield and
Total Root Yield

4.2.1. Marketable Fresh Yield
The analysis of variance (ANOVA) indicated high significant

Treatments

SR (%) DM NRPP ARW(g)
NASPOT 13 84.37% 166.66 26.66° 444°
LOCAL 90.20° 143.33° 19.33¢ 343°
KABOLI 67.71° 161° 14.33¢ 296.33°
KABODE 78.12b° 145¢ 22b° 298°
NASPOT 12 82.29% 165.66™ 33.66" 470.33"
Mean 80.62 156.33 23.20 370.33
LSD (5%) 10.68 5.39 4.90 61.39
CV (%) 7.28 1.89 11.61 9.11

Means in columns and rows followed by the same letter(s) are not
significantly different at 5% level of significance. Where SR=survival rate,
DM=date to maturity, NRPP=average root number per plot, ARW=average
root weight (g)

4.2.2. Unmarketable Fresh Yield
Analysis of data for cultivars has revealed highly
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significant (P<0.05) different on unmarketable root yield at
Dufa and Gobicha locations. But non-significant (P. 0.05)
different result at Boke location. The highest unmarketable
fresh yield (3.45 and 3.25 t ha') was recorded for Kaboli
variety, while the lowest mean value (1.00 and 1.07 t ha™)
was recorded by Kabode variety. According to the report of
Egbe et al. [3], during the growth of sweet potato substantial
morphological changes occur which could be different
among varieties and these influences the accumulation or
distribution of the total dry matter among the major plant
organs and directly contributing to the difference in fresh
weight.

4.2.3. Total Root Yield

The analysis of variance showed that sweet potato varieties
has highly significant (P<0.05) different on total fresh root
yield at all locations for both years. The maximum total root
yield (65.09 t ha” and 59.88 t ha™) was recorded by variety
Naspot-13 at Dufa and Gobicha locations in 2018 and 2019
cropping seasons. While variety Naspot-12 gave maximum
(55.16 t ha™") total root yield at Boke site. However variety

kaboli gave the least (43.09, 27.19 and 37.69 t ha™) total root
yield at all sites. The variation observed in root yield is
expected since the varieties had different origins and
adaptability preference.

Table 5. Means of sweet potato variety adaptation trial at Boke during 2018
cropping season.

Yield variables

Treatments MRK(t/ha) UMRK(kt/ha) _ TRY(t/ha)
NASPOT 13 48.86" 5.049 53.90°
LOCAL 43.209° 1.736 44.94°
KABOLI 22.78° 4.410 27.19¢
KABODE 38.19¢ 2.00 40.19°
NASPOT 12 50.76" 4.403 55.16"
Mean 40.7.6 3.519 44.28

LSD (5%) 16.53 ns 4330

CV (%) 222 63.14 537

Means in columns and rows followed by the same letter(s) are not
significantly different at 5% level of significance. Where, MRK=marketable
fresh weight per hectare (t); UMRK=unmarketable fresh weight per hectare
(t); TRY=total root yield (t/ha)

Total root yield across locations

70
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=~ 20 | : !
10 — [ T -
O L . . =
NASPOT 13 LOCAL KABOLI KABODE NASPOT 12
m Dufa(Tyd) 65.09 57.19 43.09 51.68 62.69
m Boke(Tyd) 53.9 44.94 27.19 40.19 55.16
Gobicha(Tyd) 59.88 51.78 37.69 46.4 57.18

Figure 1. Total fresh root yield of sweet potato at Dufa, Boke and Gobicha locations.

Table 6. Means of sweet potato variety adaptation trial at Gobicha during 2019 cropping season.

Phenology, Growth and yield variables

Treatments SR (%) DM NRPP ARW(g) MRK(t/ha) UMRK(t/ha) TRY (t/ha)
NASPOT 13 72.91° 134.00 21.33% 591.67° 58.08° 1.80° 59.88°
LOCAL 90.42° 152.33 16.00° 535.33 50.02% 1.76° 51.78"
KABOLI 76.04° 142.33 18.33% 447334 34.44¢ 3.25° 37.69¢
KABODE 78.12° 136.66 18.00% 680.00° 45.40° 1.00° 46.4°
NASPOT 12 71.87° 135.00 17.66° 501.67% 55.01% 2.17° 57.18%
Mean 77.91 140.06 8.26 541.26 48.59 2.15 50.74
LSD (5%) 12.36 ns 3.63 60.82 6.06 0.72 5.62

CV (%) 8.72 7.20 24.19 6.17 6.19 18.37 5.52

Means in columns and rows followed by the same letter(s) are not significantly different at 5% level of significance. Where SR=survival rate, DM=date to
maturity, NRPP=average root number per plot, ARW=average root weight (g), MRK=marketable fresh weight per hectare (t); UMRK=unmarketable fresh

weight per hectare (t); TRY=total root yield (t).

5. Conclusions and Recommendation

Root and tuber crops like sweet potatoes are the most

important crops that need to be cultivated for food security in
countries like Ethiopia where population is growing fast,
because of the highest yield potential per unit area. Through
adaptation trial sweet potato varietal recommendations were
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made for four targeted areas from the results of the first set of
multi-location trials conducted in southern Oromia to address
the needs of resource-poor farmers. The result of the current
investigation showed that the Phenology, Growth and yield
variables recorded highly significantly different result among
the Orange Fleshed Sweet Potato varieties evaluated in the
study area. The combined analysis of variance of total root
yield (t/ha) indicated that there was highly significant
(P<0.05) difference among varieties, locations and variety by
location interaction. The presence of significant variety by
location interaction effect showed that some cultivars adapted
to wider locations, whereas others to specific locations.

The highest mean value of root number per plot (21.33 and
36.66) was recorded from Naspot-13, Naspot-12 and Naspot-
13 variety at Dufa, Boke and Gobicha sites, respectively.
However the lowest (16.00, 19.33 and 16.00) mean value of
root number was recorded from Local Variety at all locations.
The highest average fresh root weight (670.33g and 444g)
was recorded for Kabode and NASPOT-13 Variety at all
locations. On the other hand, the lowest average fresh root
weight (447.33, 437.33g and 296.33g) was recorded by
Kaboli variety at all locations. From the genotypes, Naspot-
13 and Naspot-12 gave highest total root yield per unit area,
followed by local material. In this study, On the other hand,
Kaboli gave the lowest (43.09, 27.19 and 37.69 t ha) total
root yield across locations. Based on this, genotype Naspot-
13 and Naspot-12 were shown more environmental
interactions and they were more adapted in wider locations.

Generally from this study, Naspot-13 and Naspot-12 sweet
potato varieties were more adaptable, disease tolerant and
high yielder and should be promoted to farmers of the study
areas for optimum production. Other agronomic packages
and nutritional trials should be done further for better
consumption of the crop.
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