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Since there is a variety of performance in cassava varieties for different agroecologies and there was no cassava production before
in Ethiopian Somali regional state, Fafen district in particular. Investigation of the performance of higher tuber yielded cassava
variety is the main concern for this study. )us, the objective of this study was to evaluate tuber yield performance of cassava
varieties. To do so, four varieties (kello, Qulle, Hawassa-4, and Chichu) were collected fromHawassa Agricultural Research Center
and planted in Fafen district where there is arid climatic condition. )irty-centimeter-long stakes were planted with 1m× 1m
intra- and inter-row spacing with Randomized Complete Block Design (RCBD). )ere were four rows, five plants per row and
twenty plants per plot. Phenological, growth, and agronomic parameters were analyzed using SAS software; mean differences were
compared using LSD at p≤ 0.05. )e result revealed that days to 50% establishment of the stem cuttings of variety “Qulle” were
performed within 15.6 days. Among all varieties, Chichu and Hawassa-4 had the highest number of plant stand count, 88.3 and
86.7%, respectively. )e highest number of mean multiplication ratio, secondary branches per plant, and mean plant height were
obtained with variety “Qulle.” With regards to tuber yield and its components, there was significant difference among
understudied cassava varieties. )e highest tuber yield (23.93 t/ha) was registered in variety “Hawassa-4” followed by Kello
(19.90 t/ha) and Qulle (18.73 t/ha). It implies that variety “Hawassa-4” performed best in the test area and hence recommended in
test area.

1. Introduction

Cassava (Manihot esculenta Crantz) is a shrub species which
belongs to the Euphorbiaceae family that grows continu-
ously, with alternating plant growth periods and carbohy-
drate storage in its tuberous roots followed by periods of
dormancy [1]. It is very important for the agroeconomy of
several tropical countries because of its broad adaptation to a
variety of soil, climate, drought tolerance, and ability to grow
on marginal soil [2].

Africa produces over 54% of the world’s cassava, with
Nigeria leading the global with a production of about 54.8
million ton in 2014 [3]. Due to being easier for growth,
famine secure, the ability to be left in the ground for a long
time before harvesting, it has been growing by small-scale

and subsistence farmers in South Africa [4]. About 70% of
the total cassava production, for roots and leaves, is utilized
as human food in Mozambique and East Africa countries
(Tanzania, Kenya, Uganda, Rwanda, and Burundi) accounts
about 11% of the total production of cassava in Africa [4]. Its
starchy roots and edible leaves provide food for 800M
people globally, many of whom manage to survive on it due
to its drought tolerance and requiring little in the way of
inputs [5], and it generates billions of income both for
families and government and then contributes a lot to food
security at several levels [6]. In Ethiopia, cassava, locally
known as Mita Boye, Yenchet Boye Furno tree, and Mogo,
has been used in cultivation, particularly, in the south, south
west, and western parts since its introduction in the 19th
century [7].
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Cassava grows between 480 and 1800meters above sea
level within the temperature range of 15 to 30°C and 692 to
1470mm annual rainfall [8]. It cultivates best on moist,
deep, and relatively low fertile light sandy loams or loamy
sands [9]. In traditional systems, cassava can be intercropped
with other crops such as maize, sorghums, cowpeas, and
sweet potatoes, but sole cropping is more common [10].

Its starchy tuberous roots yield 25–35% starch which
provide food for over 500 million people for small-scale and
subsistence farming in developing countries [11]. By dif-
ferent forms of products such as chips, pellets, flour, and
starch, it contributes to the economy of exporting countries
in international trade [12]. A high quality cassava is also
alternative to wheat in rural and urban households [13] and,
therefore, is used to replace wheat flour in food and nonfood
industries [14]. In southern Ethiopia, roots are consumed
after washing and boiling in the form of bread and injera by
mixing with cereals (teff, maize, and sorghum) and used for
local behaverage (areki and tela) [15]. In general, it is used
for citric acid production, paper making, food processing,
lower blood pressure, lubricants, adhesives, and textiles and
recently for bioethanol production too [16].

Cassava is propagated vegetatively by stem cuttings
which make it very advantageous [17]. Stem cuttings,
horticultural “stakes”, were on average at least 20 cm long
with 4 to 5 nodes of viable buds and were transported
carefully to avoid damage [18]. )e cuttings can be plant
either vertically, inclined, or horizontally at different
planting depths on ridges, mounds, or flat ground [19].
Despite very low planting material multiplication rate (1 :10)
compared to cereals (1 : 200) [20], storage, and bulkiness in
handling, propagation via stem cutting is still the most
feasible alternative for small-scale farmers as compared to
the use of seed [21].

Cassava is a major source of carbohydrate. However, its
production is limited, only in a few areas in Ethiopia.
Moreover, yielding performance of the local varieties is low
and showed different performance in various agroecologies.
Besides, only limited researches have been conducted in
Ethiopia [8]. )erefore, it is essential to enhance efforts to
initiate and investigate the performance of cassava to Fafen
district where there is arid climatic conditions in contri-
bution for poverty reduction, not only to target area, but also
it will be important in a similar trend. Besides, the pro-
duction of the crop in such areas is the best alternative to
overcome food scarcity when other crops are predisposed for
drought. )us, the objective of this study was to evaluate the
performance of cassava varieties for tuber yield in Fafen
district, Ethiopian Somali Regional State.

2. Materials and Methods

2.1. Description of the Study Area. )is study was conducted
under field conditions in Fafen district of Ethiopian Somali
Regional state using supplementary irrigation in the crop-
ping season of 2017/18.)e type of soil with the study area is
sandy loam. )e mean annual temperature ranges from 15.0
to 29.3°C. )e minimum and maximum mean annual
rainfall is 300mm and 500mm, respectively. )ere are two

rainy periods. March and April are short rainfall periods
while July and August are themain rainy periods in the study
area. )e topography comprises extensive plains and also
some hills. )ere are above 180 smallholder farmers around
the study site and 75% of them needed to cultivate their farm
land and liked to scale up industry level.

2.2. Stem Cutting Preparation. Mature and health stem
cuttings were obtained from Hawassa Agricultural Research
Center, center of excellence in cassava production in the
country, Ethiopia. )e stem cuttings of each cassava variety
were collected from the middle stems of the respective
seven-month-old mother plant. In order to reduce evapo-
ration and drying, they were covered with grass while
transporting to the plantation area which is about 650 km far
from collection site. Each stem cutting was cut with 30 cm in
length and 4–5 nodes soon before planting.

2.3. Treatments and Experimental Design. In this study,
Randomized Complete Block Design (RCBD) was
employed. )e experiment was carried out under field
conditions using four varieties as treatments, namely, Kello,
Qulle, Hawassa-4, and Chichu, with three replications. )e
experimental field was ploughed and harrowed properly
before planting. )e plots were 5m long and 4m wide, with
intrarow spacing of 1m and 1m interrow. )erefore, the
total size of each plot was 20m2. )e cuttings were planted
with inclined (45°) stake orientation on 28th of May, 2017.
Totally, there were 20 plants per plot for each variety, five
plants in each row. )roughout experimental period,
earthing up, weeding, and supplementary irrigation activi-
ties were carried out uniformly whenever required.

2.4. Data Collection. Quantitative data on phenological
parameters (days to 50% establishment within 15–30 days
and final establishment in the period of three months),
growth parameters (plant height, number of primary stems
per stake, number of secondary branches per plant, and
multiplication ratio per stake) at the end of the ninth month
and on the tenth month, and the agronomic parameters
(number of tubers per plant, average length of tubers per
plant, average diameter of tubers per plant, tuber yield per
plot, total tuber yield per hectare, tuber fresh weight, tuber
dry weight, and the tuber dry matter content) were recorded
carefully. For those parameters, the plants on the boundaries
were discarded, and, therefore, six representative plants were
taken from the middle rows of each plot from the respective
treatments. Besides, the qualitative data were composed and
summarized accordingly. Tuber yield per hectare was cal-
culated as follows:

Yield per hectare
t

ha
  �

yield per plot(kg) x 10, 000m2

6m2(net plot size) x 1000(kg/t)
,

(1)

where 1 hectare (ha)� 10,000m2 and 1 tone (t)� 1000 kg.
For tuber dry matter content, tubers from each plant were
peeled and cut into small pieces and weighed to get fresh
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weight. )en, it was put into oven dried with 105°C for 24
hours. After that, it was weighed again to determine the dry
weight.

DM% �
tuber dry weight(g)

tuber freshweight(g)
x100. (2)

2.5. Data Analysis. )e data were analyzed statistically by
analysis of variance (ANOVA) according to [22] using SAS
9.1.3 software at p≤ 0.05 (SAS Institute Inc., 2008). Dif-
ferences between means were compared using the least
significance difference (LSD) test at p≤ 0.05 and their
correlation. Other qualitative data were also presented.

3. Results

3.1. Survival Rate of Cassava Varieties. In this study, 50% of
the stakes were survived within two weeks (15.33 days) for
variety “Qulle,” whereas “Kello” took 26.30 days. )ere was
no statistical significant difference (p≥ 0.05) between
“Qulle” and “Chichu” varieties. With regards to final plant
stand, 88.32% of “Chichu” was fully established. But no
statistical significant difference (p≥ 0.05) was seen with
“Hawassa-4.” )e lower percentage of plant stands (80.00%
and 81.61%) were observed with “Kello” and “Qulle,” re-
spectively (Table 1).

3.2.GrowthPerformance ofCassavaVarieties. )e vegetative
growth of all varieties was slower in the first three months
and showed fast growth at the fourth and fifth months with
wide canopy. With regards to stem thickness, the cassava
varieties were ordered as Kello, Qulle, Chichu, and Hawassa-
4 in decreasing manner.

)e results revealed that most above-ground growth
components showed different performance across varieties
(Table 2). )e highest mean number of primary stems (2.39)
was produced from “Chichu,” whereas “Kello” showed the
lowest number of primary stems per stake (1.61). However,
statistically, there was no significant differences (p≥ 0.05)
between “Chichu” a variety with the highest number of
primary stems per stake and the remaining two varieties,
“Hawassa-4” and “Qulle.” All the varieties showed signifi-
cant differences (p≤ 0.05) in secondary branches per plant
(Table 2). )e highest number of secondary branches (7.61)
was obtained in “Qulle” whereas the lowest (2.56) was
recorded in “Chichu.” Similarly, “Qulle” showed the highest
plant height (148.56 cm) followed by “Chichu” (121.89 cm).
)e lowest plant height (98.61 cm) was recorded in
“Hawassa-4.” )e highest amounts of planting materials per
stake were produced from “Qulle” (24.94), while the lowest
planting materials (8.94) were obtained from “Kello.” In all
studied growth parameters “Qulle” showed the highest value
compared to the rest of the varieties.

3.3. Tuber Yield and Yield Components of Cassava Varieties.
)ere were significant differences (p≤ 0.05) among tested
varieties in tuber yield and its component (Table 3). )e

highest number of tubers per plant (6.50) was recorded in
variety “Hawassa-4” and the lowest (4.06) was recorded in
variety “Chichu.” Although the longest tuber per plant
(25.39 cm) was registered in “Kello,” statistically, it has no
significant difference (p≥ 0.05) with “Qulle.” )e largest
tuber in diameter (3.87 cm) was obtained in variety
“Hawassa-4” and the smallest was recorded in “Chichu.”)e
highest tuber yield was recorded in variety “Hawassa-4”
(23.93 t/ha) followed by “Kello” (19.90 t/ha) and “Qulle”
(18.73 t/ha). Similarly, the dry matter content of “Hawassa-
4”(50.3%) and “Kello” (44.62 %) was the highest and had no
significant difference (p≥ 0.05) between each other. It in-
dicates that variety “Hawassa-4” could be preferred in test
area followed by “Kello.”

3.4. Relationship of Yield and Yield Components. )e cor-
relation matrix showed that tuber yield showed highly
significant positive correlation to some yield components
(tuber number, tuber length, and tuber diameter per plant).
On the other hand, it was negatively correlated to primary
stems, plant height, and multiplication ratio (Table 4).

4. Discussion

4.1. Survival Rate of Cassava Varieties. A day to 50% es-
tablishment is an indicator that ensures crops survival.
Accordingly, variety “Qulle” with fewer days to 50% es-
tablishment implies the variety survived earlier, whereas
“Kello” took longer days than the remaining varieties. )is
results in “kello” to have the lowest final stand count.
Similarly, the earliest establishment of “Chichu” resulted in
it to have the highest stand count (Table 1). )e variation
among varieties could be as a result of genetic difference for
root initiation and development [23]. )e varieties which
establish in short period of time are advantageous under
limited moisture availability since they survive before the
moisture is reduced. Department of Agriculture, Forestry
and Fisheries [9] showed that stem cutting is a better method
when the cuttings rapidly and easily take root and produce
plants in general. Having earlier 50% establishment does not
always ensure the final stand count. Although “Qulle”
showed the earliest establishment, its final stand count was
the lowest. )is could be due to the lowest tolerance of
“Qulle” to biotic stress. On the contrary, “Hawassa-4” had
the late establishment, but its final stand count was the
highest. )e reason could be that the variety had late root
initiation and development but withstands the biotic stress.
)e final stand count is very important in selecting variety in

Table 1: Days to 50% establishment and final establishment of four
cassava varieties.

Varieties Days to 50% establishment Final establishment (%)
Kello 26.30c 80.00b

Hawassa-4 22.51bc 86.70a

Qulle 15.33a 81.61b

Chichu 18.67ab 88.32a

Mean 20.70 84.16
CV (%) 22.90 4.70

International Journal of Agronomy 3



dry land areas for its drought tolerance. In general, cassava
widely adapted to a variety of environmental conditions, but
usually the adaptability of most varieties is narrow and
shows large genotype x environment (G x E) interaction ef-
fects [24].

4.2. Growth Performance of Cassava Varieties. When the
number of leaf buds is higher with limited stake length,
higher number of primary stems may sprout on. “Chichu”
sprouted the highest number of primary stems per stake,
whereas “Kello” produced the lowest (Table 2). )e differ-
ence might arise due to the difference with the number of
leaf buds where the shoots grow up which resulted from
genetic variation among varieties. )e primary stem of
cassava plant usually produces two or three secondary
branches [25]. Besides, the growing degree, branching rate,
and leaves formation are varied because the environment

affected the phenology and growth of cassava [26]. Each
secondary branch produces tertiary branches. )e varieties
with higher branches are used to suppress the weeds than the
varieties with less branches. Structural morphology of cas-
sava genotypes influences yield and responses to weed
management [27]. Variety “Qulle” had the highest number
of secondary branches per plant (7.61) with rebranching up
to third level and the lowest was counted in “Chichu.” )e
lowest branching in “Chichu” produced the lowest leaves
that indirectly limited the variety to have the lowest dry
matter content. )is may result in variety “Chichu” to have
the lowest yield.

Cassava varieties plant height ranged from 95.8 to
101.5 cm at various nutrient compositions [28]. But this
study showed that it ranged from 98.61 cm to 148.56 cm.
Variety “Qulle” showed the highest plant height (148.56 cm)
and Hawassa-4 showed the lowest (98.61 cm) (Table 2). )e
genetic variation could contribute to plant height variation.

Table 3: Average values for number of tubers/plant, length of tubers/plant, diameter of tubers/plant, tuber yield per plot, total tuber yield per
hectare, and percent of dry matter content of four cassava varieties cultivated at Fafen district, ESRS.

Varieties Number of
tubers/plant

Length of
tubers/plant

(cm)

Diameter of
tubers/plant (cm)

Fresh tuber
weight/plant

(kg)

Tuber yield
per plot (kg)

Total tuber
yield (t/ha)

Dry matter
content of tubers

(%)
Kello 5.44b 25.39a 3.24b 1.99b 11.94b 19.90b 44.62ab

Hawassa-4 6.50a 22.11b 3.87a 2.39a 14.36a 23.93a 50.28a

Qulle 5.06b 24.67ab 2.84c 1.87b 11.24b 18.73b 43.94b

Chichu 4.06c 17.89c 2.32d 1.35c 8.09c 13.48c 41.21b

Mean 5.27 22.52 3.07 1.90 11.41 19.01 45.01
CV (%) 12.87 8.42 8.33 12.81 12.81 12.81 20.04
LSD 0.45 1.26 0.17 0.97 5.83 0.97 0.06

Table 4: Correlation matrix between yield and its components.

Traits SB PS PH MR TN TL TD FW TY DM
SB 1
PS 0.029 1
PH 0.513∗∗ 0.007 1
MR 0.777∗∗ 0.026 0.748∗∗ 1
TN 0.201 −0.116 −0.459∗∗ −0.126 1
TL 0.419∗∗ −0.290∗ 0.050 0.055 0.378∗∗ 1
TD 0.155 −0.100 −0.533∗∗ −0.258∗ 0.729∗∗ 0.339∗∗ 1
FW 0.253∗ −0.157 −0.380∗∗ -0.117 0.606∗∗ 0.465∗∗ 0.745∗∗ 1
TY 0.253∗ −0.157 −0.380∗∗ −0.117 0.606∗∗ 0.465∗∗ 0.745∗∗ 00.97∗∗ 1
DM 0.051 −0.117 −0.249∗ −0.042 0.359∗∗ 0.099 0.266∗ −0.024 −0.024 1
SB� secondary branches, PS� primary stems, PH� plant height, MR�Multiplication ratio, TN� tuber number, TL� tuber length, FW� fresh weight,
TD� tuber diameter, TY� total tuber yield, DM� dry matter content, ∗significant, and ∗∗highly significant (p≥ 0.35).

Table 2: Mean values of number of primary stems per stake, number of branches per plant, plant height (cm), and multiplication ratio of
four cassava varieties cultivated at Fafen district, ESRS.

Varieties Mean number of primary
stems/stake

Mean number of secondary
branches/plant

Mean plant height
(cm)

Mean multiplication
ratio/stake

Kello 1.61b 3.28c 103.89c 8.94c

Hawassa-4 2.17a 4.72b 98. 61c 14.22b

Qulle 1.94ab 7.61a 148.56a 24.94a

Chichu 2.39a 2.56d 121.89b 14.67b

Mean 2.02 4.54 116.88 15.69
CV(%) 16.3 15.23 7.64 12.42
LSD 0.60 0.46 5.93 1.30
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)e highest multiplication ratio of those cassava varieties is
important for the production of stem cuttings for the next
cropping seasons. )e highest plant height of “Qulle” may
contribute to the variety to have the highest multiplication
ratio or planting materials (24.94). Multiplication ratio is
important to get multiple stem cuttings to overcome seed
problems [29].

4.3. Tuber Yield and Yield Components of Cassava Varieties.
)e tuber yield and its components varied across varieties
[30, 31].)e highest tuber yield (23.93 t/ha) was produced in
variety “Hawassa-4” followed by “Kello” (19.9 t/ha) and
“Qulle” (18.73 t/ha) (Table 3). )ese yields were higher than
the yield obtained in Eastern Africa countries such as Kenya,
Uganda, and Tanzania in 2013 which was 15.89, 12.02, and
7.50 t/ha, respectively [32]. But the yield obtained in this
study was slightly lower than the yield obtained from the
study of Tadesse et al. [33] who evaluated the performance of
cassava varieties for tuber yield at potential moist areas
(Jimma and Hawassa) and stressed areas (Amaro and
Sekota) in Ethiopia. )is might be due to the difference in
genotype and environmental variation. Dry matter content,
in this study, ranged from 41.21 to 50.28 in average of 45%. It
implies variety “Hawassa-4” showed the highest dry matter
content and, hence, the higher yield. Other findings ranged
from 10.7% to 57.2%, with an average of 34.7% [34], and
29.8% to 40.7%, with an average of 34.5% [35, 36].

4.4. Relationship of Yield and Yield Components. Several
authors [37–39] reported that storage root number, length,
and diameter were the main yield components contributing
to yield enhancement in cassava. Accordingly, in this study,
higher values in tuber number, length, and diameter gave
higher tuber yield per hectare in variety “Hawassa-4,”
suggesting that increment of those yield components tends
to increase yield per hectare. According to the result of
Amarullah et al. [40], the growth and yield parameter of
cassava have some profound effect on the final tuber yield. In
other ways, tuber yield was negatively correlated plant
height, signifying that the tuber yield decreases when plant
height gets higher (Table 4). )is might be the partition of
assimilate to vegetative growth rather than tuber.

5. Conclusion

Cassava is very important for the economy of several
countries because of its broad adaptation to a variety of soil,
climate, drought tolerance, ability to grow on marginal soil,
and its starchy tuberous roots used as food source. However,
for some extent, it seems to be neglected due to its long time
for maturity and its hydrogen cyanide content. )erefore, it
is better to develop higher yield, early mature cassava variety
with reduced or without hydrogen cyanide content. In this
study, variety “Hawassa-4” showed the best performance
with regard to survivable rate and tuber yield per hectare.
)erefore, variety “Hawassa-4” is recommended in test area.
However, its yield performance across various agroecologies
must be tested.
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