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ABSTRACT

A number of promising sweet potato clones from
East Nusa Tenggara and a checked cultivar
were evaluated in several locations for the
following objectives: 1) to elucidate genotype by
environment effect on growth and yield of the
sweet potato clones, and 2) to determine growth
and yield stability of the clones across diverse
locations in East Nusa Tenggara province. The
study was carried out in four locations and was
laid out in a Randomized Block Design
consisting of 10 sweet potato genotypes as
treatments and two replicates. Obtained data
were subjected to combined analysis of variance
to determine GxE interaction, followed by
stability analysis based on joint regression
model of Eberhart and Russell. Research results
revealed that genotypes, locations and genotype
by location interaction posed significant effect on
the observed variables. Most of the evaluated
clones were unstable for vegetative growth
characters but were stable for tuber yield and
yield components. The local clone LB-01
produced the highest mean tuber yield over all
locations, averaging at 4.15 kg.plant™ (~ 46.11
t.ha™). Two local clones, i.e. ON-06 and LB-01,
and the check cultivar Kidal were the most
stable clones for tuber vyield and vyield
components across diverse environments.

Keywords: growth, yield, stability, sweet potato,
location

INTRODUCTION

Sweet potato [Ipomoea batatas L. (Lam)]
is the second most important food crop in
Indonesia after cassava. Due to its high carbo-
hydrate content, sweet potato has been so far
an important staple food crop besides rice and
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corn (Cahyono and Juanda, 2000). In addition
to carbohydrate content, sweet potato is also
rich in vitamins and nutrients essential for
human diets such as B -carotene, anthocyanins,
total phenolics, dietary fiber, ascorbic acid, folic
acid and minerals (Bovell-Benjamin, 2007,
Rabah et al., 2004). Compared to other major
staple food crops, sweet potato possesses
additional positive attributes such as wide
production geography, adaptability to marginal
condition, short production cycle, high nutritional
value and sensory versatility in terms of flesh
colors, taste and texture (Truong and Avula,
2010). However, the potency of sweet potato in
Indonesia has not been optimally exploited as
with other staple food crops such as rice and
corn. This is indicated by the continued
decrease of harvest area and production of
sweet potato during the last decade.

East Nusa Tenggara Province is one of
sweet production centers in Indonesia. Sweet
potato has been cultivated by farmers in this
region over generations, and is utilized as staple
food source to substitute rice and corn, mainly
during famine period. Nevertheless, this crop
can not be solely relied on as the main staple
food crop due to its low tuber yield and quality in
the farmer level. The low yield and quality is
caused by, among others, low yield potential of
the cultivars grown. In fact, numerous sweet
potato germplasm are available in this region
with enormous genetic diversity (Ndiwa et al.,
2007). These local germplasm are invaluable
genetic resources that can be exploited for
sweet potato cultivar development.

Information on yield potential of sweet
potato germplasm from East Nusa Tenggara
province is lacking. This information is vital for
development of the existing local germplasm
into superior varieties with good adaptation to
East Nusa Tenggara agroclimatic condition as
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well as parental sources for sweet potato
breeding programs. Several sweet potato clones
from East Nusa Tenggara have been evaluated
for drought tolerance (Mau, 2011) but the clones
have not been tested over many locations that
cover diverse agro-ecological conditions of this
region. Multilocational trial will provide information
on whether genotype by environment interaction
poses significant effect on growth and yield of
these clones. The presence of genotype by
environment interaction usually causes serious
problem in selecting the best performing and
most stable genotypes due to the need to select
for multiple environments (Ngeve, 1993; You,
1995). Environmental conditions that influence
crop adaptation include soil type, altitude,
latitude,temperature, climate and season. Large
genotype by environment interaction effect,
frequently, still does exist although the environ-
mental conditions have been stratified. This
would slow down the selection process and
makes genotypes recommendations difficult
(Caliskan et al., 2011; Yusuf et al., 2008). The
stability analysis is, therefore, required to
pinpoint the genotype performance across
diverse environments, which will be very useful
for breeders to select for the most stable
genotypes.

In this study, a number of local sweet
potato clones from East Nusa Tenggara
province were evaluated over four locations for
the following objectives: 1) to elucidate genotype
by environment interaction effect on growth and
yield of the sweet potato clones, and 2) to
determine growth and yield stability of the sweet
potato clones across diverse locations in East
Nusa Tenggara province.

MATERIALS AND METHODS

Location and Time of the Research

This study was carried out in four
locations that covered low to medium altitude of
sweet potato growing areas in East Nusa
Tenggara Province from May to November 2009.
The four research locations were distributed in
four districts in the province, i.e. Oerinbesi
(North Central Timor District), Penfui (Kupang
District), Detubapa (Ende District), and Wairklau
(Sikka District). A laboratory work was also
carried out in Soil Chemistry and Soil Physics
Laboratory of Faculty of Agriculture, Nusa
Cendana University, to analyze both chemical
and physical properties of soil samples taken
from the four research locations. General
features of research locations are presented in
Table 1.

Altitude of the research locations ranged
from 55 — 700 m asl., representing low to
medium altitude. Soil types of the locations were
Grumosol, Inceptisol, Alvisol and Alluvial. Soil
texture of research location in Oerinbesi was
sandy loam, and that in Penfui, Detubapa and
Wairklau were, respectively, clay loam, sandy
loam, and clay sandy loam. Soil acidity (soil pH)
in Oerinbesi, Penfui, Detubapa dan Wairklau
were, respectively, 6.69, 8.30, 6.81 and 6.70.
Soil mineral fertility of the four locations also
varied with N content (%), P content (ppm) and
K content (me/100) were, respectively, 0.14%;
138.05 ppm and 0.54 me/100 in Oerinbesi;
0.12%, 116.55 ppm and 0.5% in Penfui; 0.25%,
141.48 ppm and 1.36% in Detubapa; and
0.13%, 132.36 ppm and 1.57% in Wairklau.

Table 1. General physical setings of experimental sites in four locations

Altitude

No. Location District (m asl) Notes

1 Oerinbesi North Central Timor 360 Dryland, Grumosol soil type
2 Penfui Kupang 100 Dryland, Inceptisol soil type
3. Detubapa Ende 715 Dryland, Alvisol soil type

4 Wairklau Sikka 55 Dryland, Alluvial soil type
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Experimental Design and Research Procedures

Research units at each location were laid
out in a Randomized Block Design with two
replicates (blocks). The treatment consisted of 8
local clones of East Nusa Tenggara (ON-07,
ON-06, EBS-01, ORM-02, SEO-01, LB-01, PSU-
03, NBN-01), one checked variety (Kidal) and
one clone introduced from Papua (Lapembe).
Planting materials were taken from shoots of 25-
30 cm long or about 3-4 nodes each. The
planting materials were sown in a single row plot
of 1 m x 3 m, with a planting space of 50 cm
between plants and 100 cm between plots.
Fertilizers were applied at time of sowing with a
rate of 150 kg.ha™ of Urea, 100 kg.ha™ of SP-36
and 100 kg.ha’ of KCI. Soil moisture was
maintained around field capacity level during the
growing period.

The main variable observed was market-
able tuber yield (fresh tuber weight per plant),
which was then converted to fresh tuber yield
per ha. Besides, vegetative growth and vyield
component characters were also observed. The
vegetative growth characters observed included
number of leaves per plant, number of
secondary branch per plant and plant length,
while that of yield components included number
of tuber per plant, tuber diameter, and tuber
length.

Data Analysis

Collected data were subjected to analysis
of variance (Anova) using a single factor
(genotype) component for each location. Data
from all locations were then checked for their
homogeneity of variance using Bartlett test and
were subjected to combined analysis of variance
to elucidate the effect of Genotype by Environment
(GXE) interaction on the observed variables.
Variables with significant GxE interaction were
further analyzed to estimate stability parameters of
the tested clones.

Yield stability parameters were determined
following the model proposed by Eberhart and
Russell (1966). A genotype was considered stable
when the genotype exhibited an insignificant
regression coefficient from unity (b; = 1.0) and an
insignificant deviation from regression (S°d; = 0.0.).
Analysis of variance was performed using a
Minitab Statistical Program Version 16.0.

RESULTS AND DISCUSSION

Vegetative Growth Components

Vegetative growth data over four locations
were subjected to combined analysis of variance
to determine the effect of genotype by
environment interaction. Results of the analysis
demonstrated that genotype, location and
genotype by location caused significant effect
(P<0.05) on the observed variables. This implies
that vegetative growth parameters, i.e. number
of leaves per plant, number of secondary
branches per plant and plant length of the sweet
potato clones did change following the change
of planting environments. In other words,
different locations posed different effect on
genetic expression of vegetative growth of the
tested sweet potato clones.

Means of growth component parameters
over four locations at 3 months after sowing are
presented in Table 2. Research results showed
that SEO-01 possessed the highest number of
leaves (127.25 leaves per plant), which was
significantly higher than the other clones except
Kidal (118.94 leaves per plant) and LB-
01(113.13 leaves per plant). Number of
secondary branches per plant did not differ
among the tested clones with a range between 5
to 6 branches per plant. As with number of
leaves per plant, plant length also varied
significantly among the tested clones. The
longest plant length was obtained from the
introduced clone, Lapembe (216.44 cm) which
differed significantly from ON-07 (115.9 cm) but
not from the rest of the clones.

The presence of significant GxE inter-
action effect implies that vegetative growth
characters of the tested clones were determined
by interaction between genetic background of
the clones and environmental factors. From
genetic perspective, capability of the clones to
produce these characters was determined by
genes controlling these traits called genetic
potential. Expression of this genetic potential
was determined by the condition of the
environment where the sweet potato clones
were grown. Different growing conditions resulted
in different expression of genetic potential of the
evaluated clones. Significant effects of GxE
interaction on number of leaves per plant,
number of branches per plant and plant length,
as revealed by this study were in line with the
results of previous study by Ashari et al. (1997).
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Similar results were also recently reported by
Moussa et al. (2011) for plant length and
number of branches per plant of six sweet
potato cultivars evaluated under different
environments.

The joint regression method of Eberhart
and Russell (1966) was employed to estimate
stability parameters of the observed variables
which already exhibited significant genotype by
location interaction effect. According to this
method, the stable and desirable genotype
would have the following criteria: 1) Non
significant regression coefficient from one (b; =
1.0), 2) Non significant deviation from regression
(Szdi = 0.0), and 3) A high mean value. The
regression coefficient measures the response of
a genotype to a given environment, and
deviation from regression measures the stability
of performance (Moussa et al., 2011). Mean
performance and stability parameters of the
tested clones for vegetative growth characters
are presented in Table 2.

Data presented in Table 2 demonstrate
that for number of leaves per plant, values of
regression coefficient (b;) ranged from 0.15 up to
2.0 with insignificant different from unity for all
evaluated clones; however, their values of
deviation from regression (Szdi) deviated
significantly from zero indicating instability of the
clones for the trait. According to Eberhart and
Russell (1966), the most important parameters
of stability appeared to be the deviation from
regression, and clones with the lowest deviation
were considered the most stable. Of the 10
clones tested, SEO-01, Kidal, LB-01 and ON-07
exhibited average number of leaves above the
grand mean. For secondary branch number per
plant, b; values did not significantly differ from
unity for the tested clones, except EBS-01 and
LB-01. SEO-01, ON-07, Kidal and ORM-02
exhibited high mean values, and insignificant b
and Szdi values for secondary branch number
per plant suggesting that these clones were
stable across diverse environments for the trait.
The local clone LB-01 exhibited a high branch
number per plant (5.73) but its b; value was

significantly lower than unity (b; = 0.13) and its
S°d; value was also significantly deviated from
zero (S°d; = 1.34), suggesting that this clone was
unstable for the trait. As with number of leaves
per plant, b; values of all evaluated clones did
not significantly differ from unity but their S°d;
values significantly differed from zero for plant
length trait. This implies that the evaluated
clones were unstable for plant length character.

Keeping in view with the three criteria of
stable and desirable genotypes proposed by
Eberhart and Russell, i.e. mean value, regression
coefficient and deviation from regression, the
results of the present study demonstrated that all
evaluated clones were unstable for vegetative
growth characters under study. Similar results
were reported by Moussa et al. (2011) for
branch number per plant and plant length
characters of six sweet potato cultivars grown
under two locations during two consecutive
years.

Yield Components

The results of analysis of variance revealed
that genotype, location and interaction between
genotype by location posed highly significant
effect (P<0.01) on yield components and tuber
yield of the tested sweet potato clones. The
presence of genotype by location interaction
suggests that yield component and tuber yield
characters of the sweet potato clones evaluated
in the present study did change following the
change of environment, and the magnitude of
this change was determined by genetic
background of the clones. The results of the
present study were in line with that of the
previous workers. Yusuf et al. (2008) found that
the effects of genotype, environment or
genotype by environment interaction were
significant on vyield of sweet potato. Similar
results were also reported by other workers
(Moussa et al., 2011; Haldavanekar et al., 2011,
Mwololo, 2009; Osiru et al., 2009; Caliskan et
al., 2007; Ashari, 1997; Mbwaga, et al., 2007;
Manrique and Hermann, 2000).






Table 2. Mean performance and stability parameters of vegetative growth characters of sweet potato clones evaluated in four locations

No. of leaves per plant No. of secondary branches per plant Plant length

Clone Mean . 2, Mean . 2, Mean _ 2

(Number b S (number b S (cm) b S
ON-07 101.75 bc 1.55" 26.53" 5.88 1.90™ 0.89"™ 115.99 a 0.77" 2477.32°
ON-06 50.75 a 0.15™ 134.87 5.19 1.57™ 0.65™ 138.31 ab 0.78" 2448.60°
ORM-02  66.67 ab 0.61" -9.99" 571 0.81" 1.04" 151.11 ab 1.59"™ 553.28"
Kidal 118.94 de 1.37™ 213.41 5.81 0.34™ 0.47"™ 167.16 ab 1.47"™ 1238.33
EBS-01 83.44 ab 0.85"™ 114.82 5.19 0.23" 0.31" 180.38 ab 0.40™ 150.04
PSU-03 90.01 abc 1.08"™ 415.93 5.10 0.60™ 457 154.04 ab 1.30™ 1562.85
NBN-01 73.63 ab 0.84"° 110.88 4.81 2.64"™ 17.11 142.44 ab 1.29"™ 2953.39
LB-01 113.13 cd 0.80"° 1331.15 5.73 0.13 1.34 200.25 ab 1.80"™ 2465.58
SEO-01 127.25 de 2.00™ 1431.82° 6.19 1.20" -0.02™ 143.81 ab 1.06"™ 1268.59
Lapembe  81.94 ab 0.84"™ 6059.02° 5.81 0.83"™ 19.50° 216.44 bc -0.46™ 8272.82°

Remarks: Means followed by a common Ietter(s? within each column do not significantly differ using DMRT at 0.05 level of significance. ” Significant and

") Not significant at t-test 0.05 level. ” Significant and " not significant using t-test at 0.05 level of significance

Table 3. Mean performances and stability parameters of yield components of sweet potato clones evaluated over four locations

Number of tuber per plant Tuber diameter Tuber length Fresh tuber weight per plant
Clone
(nt”;%gr) by 2, '\("Ceg;‘ by s2q, '\("Cen‘";‘;‘ by 2, '\E'If;)” by s2g,

ON-07 6.08 a 0.38™ 0.56 ™ 7.26¢ 153" 1.94° 15.65b 1.68™ 7387 2.74b 1.13"™ 0.05™
ON-06 5.10a 0.45" -0.20 "™ 6.77b 1.08™ 0.90 ™ 15.26 b 046™ -041™ 2.98b 1.14"™ 0.14 ™
ORM-02 6.08 a 0.33"™ 0.13"™ 7.96 ¢ 1.92™ 0.81°" 16.50 b 1.25™  13.60° 2.87b 1.36™ 0.00"™
Kidal 12.24 bc 147" -0.03™ 6.60 b 0.43"™ 0.39"™ 16.61b 2.21"™ 565" 3.82¢c 1.13™ -0.01™
EBS-01 9.89 ab 1.49 "™ 0.72"™ 4.30 a 0.54 ™ 0.25™ 11.08 a 018" 1.00™ 1.93ab 0.86™ -0.01™
PSU-03  14.16c 1.93"™ 8.31° 4.22 a 052" 0.11"™ 10.43a  -0.03° 497 1.33a 037™ 018"™
NBN-01 7.78 ab 0.86 " 218" 6.16 ab 0.97"™ 0.23™ 1340ab 126™ 074" 2.67b 1.06 ™ 0.10"™
LB-01 14.95¢ 199 ™ 22.24 7.35¢ 0.95 " 0.03™ 1293ab 162™ -0.38™ 4.15¢ 1.07™ -0.01™

SEO-01 6.91a 032" 19.45° 6.58 b 1.34"™ 3.65° 13.93ab 1.75™ 1.06"™ 2.55b 0.95"™ 035"
Lapembe 5.62a 0.78 ns 2.49 473ab  071"™ 3.05 11.10a  -0.38 -0.54 1.43a 0.82 0.36

Remarks: Means followed by a common letter(s) within each column do not significantly differ using DMRT at 0.05 level of significance. *)Significant and
") Not significant using t-test at 0.05 level of significance.
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Means of yield components and tuber
yield of tested sweet potato clones are
presented in Table 3. Over four locations, data
presented in Table 3 demonstrate that the
highest number of marketable tuber per plant,
the biggest tuber diameter, and the longest tuber
were, respectively, possessed by LB-01 (14.95
tuber.plant’l), ORM-02 (7.96 cm), and Kidal
(16.61 cm). The existence of significant GxE
interaction on tuber number per plant, tuber
diameter, and tuber length demonstrates that
expression of these yield component characters
were determined by interaction between genetic
factor (genetic potential) and environmental
factor. Previous work by Rahayuningsih and
Hartojo (1999) demonstrated that environmental
factor such as soil humidity strongly influenced
number of tuber produced per plant, where
number of tuber per plant tended to decrease on
water deficit condition. Furthermore, Ashari et al.
(1997) found sweet potato clones that produced
varying number of tuber per plant when grown in
different environments. Tuber diameter and tuber
length, according to Adriyaswar et al. (1994),
were influenced by tuber shape (genetic factor)
as well as by soil chemical fertility, soil texture,
and climate (environmental factor). Soil with
permeable texture and rich in nutrients is mostly
favorable for tuber development, both tuber
number and tuber size (diameter and length).
Furthermore, Rahayuningsih and Hartojo (1999)
found that tuber size was determined by drought
stress, where water deficit increased number of
small size tuber but on the other hand reduced
number of large size tuber.

Research results (Table 3) showed that
the highest mean tuber yield over four locations
was possessed by LB-01 (4.15 kg.plant"l),
followed by Kidal (3.82 kg.plant™) and ON-06
(2.90 kg.plant™) at the second and the third
places, respectively. The presence of significant
GxE interaction effect on fresh tuber yield may
have been due to varying environmental conditions
where the plants were grown. Environmental
conditions that may influence tuber production
include soil fertility, temperature, humidity, altitude,
etc. Soil fertility influences various aspects of plant
growth through availability of essential nutrients
required for plant and tuber growth and
development (Cahyono and Juanda, 2000). There
was a considerable variability of soil fertility, soil
type and altitude among the four research
locations (Table 1). These differences, through

their interaction with genetic makeup of the
tested clones, may have caused significant
effect on tuber yield of the sweet potato clones.
Results of the present study are similar to
findings of previous workers where genotype by
environment interaction posed significant effect
on tuber yield of sweet potato (Moussa et al.,
2011; Osiru et al., 2009; Yusuf et al. 2008;
Ashari, 1997; Mbwaga, et al., 2007). These
findings suggest that tuber yield is a quantitative
trait that is controlled by many genes, where
expressions of these genes are strongly influenced
by environmental factor. Sweet potato genotype
grown in changing environments will result in
changing tuber yields.

Stability parameters of evaluated clones
are presented in Table 3. Values of regression
coefficient for tuber number per plant did not
significantly differ from unity indicating their
general adaptability. Number of tuber per plant
of LB-01 (14.95 tuber. plant’) and PSU-01
(14.16 tuber. plant'l) were the highest and were
above the grand mean (8.88 tuber. pIant'l) but
their S°d; values deviated significantly from zero
suggesting their instability for the trait. Tuber
diameter of LB-01 (7.35 cm) and ORM-2 (7.96
cm) were the highest and above the grand mean
with insignificant b; and S?d; values suggesting
their  stability for tuber diameter across
environments and, hence, the most desirable
clones for this yield component character.
Regression coefficient values of tuber length did
not significantly differ from unity for evaluated
clones except Lapembe, EBS-01 and PSU-01.
Five clones (Kidal, ORM-02, ON-06, ON-07, and
LB-01) possessed tuber length above the grand
mean (13.69 cm) but only ON-06 and LB-01
possessed insignificant S%d; values. This suggests
that ON-06 and LB-01 were the most desirable
clones for tuber length trait.

For fresh tuber weight, b; values did not
significantly differ from unity for the evaluated
clones, except Lapembe. Deviation from
regression values of the tested clones also did not
significantly deviate from zero, except Lapembe
and SEO-01. These findings suggest that the
majority of evaluated clones were stable for fresh
tuber yield under different environmental
conditions.

Based on average fresh tuber weight,
research results (Table 3) revealed that six of the
evaluated clones (LB-01, Kidal, ON-06, ON-02,
ON-07, and NBN-01) produced tuber yield above
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the grand mean (2.65 kg.ha-'). However, only
three of these clones, i.e. ON-06, LB-01 and Kidal
possessed high and stable tuber yield and also
were stable for at least two yield component
characters observed in the present study. ON-06
was the only clone with insignificant b; and S?d;
values for all measured vyield component
characters, i. e. number of tuber per plant, tuber
diameter, and tuber length indicating its stability for
these characters. In addition, LB-01 was also
stable for tuber diameter and tuber length, and
Kidal was stable for the number of tuber per plant
and tuber diameter traits (Table 3). Sweet potato
genotypes with high and stable tuber yield across
diverse environments have been reported by
previous workers (Moussa et al, 2011,
Haldavanekar et al., 2011; Mwololo, 2009; Yusuf
et al., 2008; Mbwaga et al., 2007). As comparison,
previous work by Caliskan et al. (2011) could
identify sweet potato genotypes with considerably
high tuber yield but no stable genotype was found
among the evaluated genotypes.

The findings of the present study revealed
two local clones i.e. LB-01 and ON-06 and the
checked cultivar Kidal as the most desirable
clones due to their high mean values and
stability for tuber yield and yield component
characters. LB-01 and ON-06 are then, potential
clones to be proposed as promising varieties
with high and stable yield across diverse agro-
ecological conditions of East Nusa Tenggara
Province.

CONCLUSIONS

Growth and yield parameters of the tested
sweet potato clones were strongly influenced by
genotype, location, and genotypes by location
interaction. Most of the tested clones were
unstable for vegetative growth characters but
were stable for yield and most of vyield
component characters.

Two local clones, i.e. ON-06 and LB-01,
and the checked cultivar, Kidal, were the most
desirable genotypes due to their high mean
values and stability for tuber yield and vyield
component characters.

The local clones, ON-06 and LB-01, and
the checked cultivar Kidal are recommended for
cultivation in sweet potato growing areas in East
Nusa Tenggara Province. ON-06 and LB-01 can
also be proposed as new superior varieties for

agro climatic condition of East Nusa Tenggara
Province after more detailed and further testing.
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