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Phenotypic stability for tuber vield in
elite potato (Solanum tuberosum L.)
genotypes in eastern Ethiopia

Tekalign Tsegaw

Alemaya Unipersity, Department of Flant Sciences, F.0O. Box 150, Dire Dawa, Ethiopia

An experiment was conducted during the 1998 and 1999 crnpgrlng seasons at six different
locations in eastern Ethiopia to st the phenctypic stability of nine medivm-maturing elite
potato (Solanum tuberosum L) genotypes and to understand the nature and magnitude of
genoiype by environment (G = E) interaction in potato. At all locations, the experimental plots
were arranged in a randomized complete block design with three replications. Significant
differences among genotypes were observed and the G x E interaction was also significant.
Both linear and non-linear components of G = E interactions were found to be important with
a predominance of the former. CIP-389668-4 clone exhibited abowve average responsiveness
along with stability, indicating that it had specific adaptability for favourable environments. The
next highest-vielding clone was CIP-388764-26 with stable average responsivencss, indicating
that it had general adaptability. The third highest-yielding genotype (CIF-387412-2) was
unstable. Similarly, Chiro, the widely grouwn potato genotype [control) was nd to be unstable,
Clone CIP-388764-26 is recommended for regional release.
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The culfivated potato (Solanum tuberosum L)
varieties are well adapted to cool lemperale
zones (Hawkes, 1978). Howewver, through the
developmenti of adaptive cultivars, potato
cultivation has been introduced on a large scale
to tropical and subtropical areas. Moast of the
potato cultivars bred for temperate climate
respond to the tropical and subtropical growing
conditions with a significant loss of tber yield
and quality (Lewy, 1983, 1984). An understand-
ing of genotype by environment (G = E)
interaction is an important component of plant
breading to enbance the productivity of potato
in high-temperature-prone regions (Jackson ef
al., 1996; Yan and Hunt, 1998). Furthermore,
identifying the causes of G = E is of
paramount importance in establishing breeding
objectives, selecting ideal test conditions, and
formulating recommendations for an adaptive
cultivar in a specific area. The existence of G
» E in potato has been previously reported by
various researchers [Sekicka and Lawer, 1970;
Tai, 1971, 1979; Tai and Young, 1972
Dedong et al., 1981; Yildirimm and Caliskan,
1985; Tai < al., 1994; Baril ef al.,, 1995).
Ethiopia is known to have suitable edaphic
and climatic conditions favourable for high
gquality potate production. About 70% of the
available agricultural land is situated at an
altitude range of 1800-2500 m above sea level
with annual rainfall of 600 mm, which is
conducive for high quality were and seed potato
prodisction. However, the nalional average tuber
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yield [B.33 t ha™t) is very bow compared to the
world's average wvield of 1602 t ha™t (FAQ,
1999) A lack of welladapted potato cultivars
to the diferent agro-ecological zones of the
country is the mast crucial factor accounting for
this low yield. To ouvercome this problem, the
Potato Improvement Program of the Alemava
University was established with the major
ohjective ol developing widely-adaptable, high-
vielding, stable potato varieties with good
resistance to biotic and abiotic stresses. To
achieve this, the programme has been introduc-
ing potato germplasm having a wide genetic
base from Intemational Potato Centre (CIP) and
testing them across locations. Therefore, the aim
of the present investigation was to study the
phenolypic stability of nine &lite potato
genodypes in eastern Ethiopla to identify potato
varieties with high vield combined with
adaptability and also to understand the nature
arel magnitude of G x E inleractions in potato,

‘Materials and Methods

Mine mediom-maturing potato clones, vz, CIP-
388764-26, CIP-387412-2, CIP-387096-11,
CIP-381381-20, CIP-389668-4, CIP-386029-18,
AL-269, AL-105, and Chiro (control) were
ovaluated at Alemayva, Arberekeote, Asebe Teferi,
Dire Tewera, Kerssa, and Hirna, during the
1998 and 1999 cropping seasons under rain-
fed conditions. The locations are diverse in
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climate and soil type and are used as tesling
sites for the potato improvernent programme of
Alemaya University and they represent the
major potalo-growing areas of eastern Ethiopia.
The location of mean temperature, rainfall, and
soil textural class of the experimental sites are
provided in Table 1.

At all locations, the experimental plots were
aranged in a randomized complete block design
with three replications. Forty mediume-sized  weell-
sprouted tubers of each clone were planted in
four rows at inter-row and intra-row spacings of
75 cm and 30 cm, respectively, Rows were set
in a continucus arrangement, while the end
rows were bordered by two rows of potato
plants. Phosphones was applied as diamonmium
phosphate at planting time at the rate of 300
kg ha?! and M as urea was side-dressed after
full emergence al the rate of 200 kg
ha"'. aAll cultural practices were emploged as
per the recommendation of Teriessa (1995
After maturity, the central rows were harvested
and tuber wyield were recorded in kilograms and
finalby converted into tormes per hectare.

The Bartlett {Bartlett, 1937) test of homo-
geneity of variance was applied and the data
were subjected to combined analysis of variance
iy oblain estimates of ervironmental, genotypic,
and G x E interaction sources of variation.
Computation of stability parameters for each
genotype and partitioning of &G = E interaction
inta  linear and non-linear components were
done using the procedure dewveloped by Eberhart
and Russell (1966}, The following linear model
developed by Eberhart and Russell (1966) was
used.

Fhenotyplc stability in potato: T. Tsegow

Yy= o + bl + &
whera, ¥, = Mean perdormance of ith wvaretw

in jth environment

;= Mean of the ith variety owver all
the environments

b, = Regression coefficient

I, = Emvronmental index

&; = Dedvation from regression of the

ith wariety at jh environment

The regression coefficient (b) and the mean
square dewviation (52d)} were uwsed as measures
of yield responsiveness and stability, respectieely
{(Eberhart and Russell, 1966). The analysis of
variance and the linear regression were
performed wusing STATISTICA computer
soltware (STATSOFT, 1999)

Results and Discussion

The Barlett (Bartlett, 1937} test of homogeneity
indicated that the observed x? was less than
the tabular value (F = 0.01), and the error
variances of 12 environments {Table 2) were
homogeneous. Hence., a pooled analysis was
dome.

There were significant differences among
genotypes for tuber vield (Table 2}, which
agrees with earlier studies on potato by Tai
and Young (1972} and Dedong et ol (1981).
The & = E interaction was also significant.
Similar investigations on potato indicated the
axistence of (G = E interactions for tuber vield

Table 1 Locaslion, mean temperature, rainfall, and soil textural class of the testing sites used im this study
Aumniual Aurenaial
Site Longitude Latitude Alnitude rrran LEmgs. rmwean RF? Soil texture
Alemnags 42=0% E QR M 1980 m 16922 B43 mm Sandy boam
Arberakeie 41°06" E Beod” M 2240 m 18.55C B0 mem Sandy clay loam
Asaebe Telerd 458 E B=5q” M 1900 m 19.0~C T50 Siley clay boarm
Dire Teyera 4208 E Q2 M 2050 m 17.6°C 850 mm v hoam
Herssa 41°67 E 931" N 19490 m 17.850 B3> mm Sy clay
Hmma 41° 0" 919" N 1960 m 19.5%C 863 mem
"Rainfall R

Table 2 Analysis of varance of tuber vield t ha™') of potato gemctypes tested at sbe locations for s yaars

Envdronments

1996 1999
Source dr Ey Ez Ex E, Es Ee E, E: Es Es Es Eq
Replicatton 2 7393 14.73 14535 16594 11.98 1432 4155 2624 7728 1198 22HT Ti72
Genofype B 3294 12341 18449 11074 1208 12488 4761 14976 6320 5392 13987 39571
=Emror 16 1863 3903 2492 5090 1017 3674 1534 4007 3735 7294 2968 24.08

g. E.H‘t Highdy sagmilicant sl 1% liud ol significance
I‘|-|!_. Degress af fraesdas

-
. Ez. Arbarehete; Ea, Aselwe Teferi; Es, Dire Tewsra: Es, Berssa: and By, Hama
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in potato (Sekioka and Lauer, 1970; Tai,
1971, 1979, Tai and Young, 1972; Dedong et
al., 1981; Yildiim and Caliskan, 1985; Tai et
al., 1994; Barl et al.,, 1995). -

Further partitioning of G = E interaction
[Eberhart and Rusell, 1966} into its linear and
noen-linear components, revealed that both
components of G x E interaction were
important as G x E [heterogeneity due to
regression) and pooled dewviation were found to
be significant ([Table 3}, The F-test of
heterngeneity of regression against pooled
deviation was also significant indicating the
predominance of linear type of G = E
interaction, although an appreciable amount of
non-linear G ® E was noticed. Hence, It would
be possible to predict the vield performance of
individual genotypes across the environments
(Perkins and Jinks, 1968)

The estimates of b presented In Table 4
disclosed that except for genobypes CIP-389668-
4 and AL-269, estimates of b, of the other
genotypes were not significantly (P = 0.05]
different from unity, suggesting that seven of the

Table 3 Analysis of variance for stability of tuber
yield {t hal} i nine potalo genobypes

Source df [ i
Genotypes (3] 8 153 69 ¢+
Erviranment {E} + 05 = F) G 106, 55 v+
Ermdranment {linear] 1 TR 14"

G = E {linearh B 325 .80
Pooled deviation i ] FLE L
Pooled error 192 943

", *=_ Highly sigraicani (P < 0.01] difference when tesied against
poaiEd arrgr and poabed deuvislion, respedtively

efl, Degravs of fenadom

M5, Meam Squares

Table 4 Stability parameters for tuber yield
It ha !} of nine potato genolypes

Drauiaticn
Mean tuber Regression fromm
aseld coefficient  regression
i Genolype it ha™') L=} (5%}
l CIP-3887641-26 39.59 (2) 1. 260 3.494
!_ CIP-387412-7 39T 3 1. L&k 41.11°
| CIP-3ET0RG-1 1 35.36 [5) 1.070 26287
§ CIPF-3E13E1-20 35,44 (4) 1.130 558 |
i CIP-3E96G68-4 4138 1) 13304+ -2.19
| CIP-386020-18 3086 (9 0874 11.87
AlL-269 3273 08 0,800+ 16,5
AL-105 3296 (7} 0777 15549
Chire [oontral) 34.04 [&) 1.130 15.04
Grand Mean 35.84 1.0H0
SE [1) .88 k12

e —

®. . Significantly ared highly significastly different from meeo &t 5
and 1%, respectively

+. 4+, Sgnficandy and highly signillicantly different lrom waty at
5 and 1%, respectiely

Wakses in parenthesis are ranks of genctyupes

5E, Ssandard Error

genotypes had average response across the
emvironments for tuber vield.

Tuber yield of the tested genotvpes ranged
from 41.38 t ha! (CIP-389668-4) to 30.86 t
ha™! {CIP-386029-18) with mean tuber yield
over all genotypes and environments of 35.84 ¢
ha! (Table 4). Six out of the tested nine clones
ware found to be unstable (Table 4), An
examination ol the performance of the top
high-vielding genctypes (Table 4} in relation o
their response to growing emsironments (k) and
stability parameter (5%d)), disclosed that CIP-
389668-10 had the highest mber vield and aboue
average response to favourable enwironments
with stabiling. Thus, this genotype was designated
as having specific adaptability to favourable
environments. The second top ranking genotype,
CIP-388764-26, axhibited awerage responsiveness
logether with stability, thus it was identified as a
genolype having general adaptability across the
envirenments, and hence, can be recommended
for wider adaptability. However, the third
genotype, namely, CIP-387412-2, although it
was high-yvielding with average response, it was
unstable. Similarly, the widely-grown genciype
Chiro that was used as a control in the study,
was found to be unstable.

Froam the current investigation, it was
observed that G = E interactiom had substantial
contribution in the performance of potato
genotypes grown under different growing
environments. As the main objective of the
programime was 1o seek stable genolypes having
general adaptability, the clone CIP-338764-26
was identified as a potential candidate f[or
regional release, In addition, in the future, the
potato breeding programme should give special
emphasis for G = E interaction while
developing high-vielding and stable genotypes.
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