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Abstract

Yield stability in sweet corn and its dependence on G x E interaction were investigated in a series of two way experiments. Five 
Romanian sweet corn hybrids were tested in three years (2008-2010) in three locations of Central Transylvania in different soils and 
climatic conditions. The experiments were organized in a split plot design in which, on a general level of organic fertilization (40 t/ha 
manure), four levels of mineral N fertilization were applied (kg/ha, active matter): N0, typical for organic technologies; N50, corresponding 
to the low-input (sustainable) system; N100 and N150 customary with conventional system of agriculture. Based on ear yield data registered 
for hybrids in locations x years x cropping system, a phenotypic index (Pi) was computed for each sweet corn hybrid illustrating the 
stability of their cob yields, with and without husks. The share of genotypic and G x E effects in the total value of Pi have been estimated. 
In different agricultural systems the tested hybrids were classified differently based on their Pi values. It is concluded that, at least for the 
time being, the initiation of an organic breeding program for sweet corn, in Romania, is not economically justified since all semiearly 
and semilate tested hybrids yielded satisfactorily under organic agricultural practices. Moreover, among the recently released sweet corn 
hybrids one can find certain genotypes highly suitable to organic (i.e. ‘Deliciul verii’, ‘Estival’) or low input (‘Dulcin’, ‘Estival’) agricultural 
practices. These three hybrids recorded the highes ear yields (with and without husks) over years, locations and agricultural systems.
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Introduction

In spite of the fact that in normal corn G x E effects 
on yield (Khaldun et al., 2010; Tonk Fatma et al., 2011) 
and on other important characters such as stem borer re-
sistance (Beyene et al., 2011) or intercropping practices 
(O’Leary and Smith, 1999) have been exhaustively ana-
lyzed by numerous papers, in sweet corn such research re-
sults have been rather scarce (Bachireddy et al., 1992; Has 
and Has, 2009)  in comparison to other vegetables, most 
probably due to the rather low economic importance of 
this crop. The results of the mentioned papers show rather 
high values of G x E interaction effects upon the stabil-
ity of the studied characters which make the approach of 
such research works quite suitable foe phenotypic selec-
tion of the new sweet corn hybrids. The recent trends of 
significant extension of sweet corn in Europe (www.agpm.
corn/en/mais_doux.php) has emphasized once more the 
importance of G x E interaction in measuring varietal sta-
bility and the suitability of sweet corn hybrids for culti-
vation across seasons and ecological zones. This necessity 
becomes even more pressing due to the recent interest of 
organic and low input farmers in growing sweet corn both 
for fresh market and for canning industry. Thus, apart 
from the natural environmental variables (seasons and 
ecological areas), new technological variables have to be 

considered in measuring the stability of performances of 
the existing sweet corn cultivars. 

The main objective of this study has been to evaluate 
the importance of Lin and Binns’ index of superiority (Pi), 
especially when it is integrated with yield, for simultane-
ous selection of high yielding and stable sweet corn geno-
types, when G x E interaction proves significant. 

Materials and methods

Five Romanian sweet corn hybrids (‘Prima’, ‘Estival’, 
‘Deliciul verii’, ‘Dulcin’ and ‘T-145’) released by the Ag-
ricultural Research Station, Turda, Romania, were tested 
in three years (2008-2010) in three locations of Central 
Transylvania: Turda (46°34ʹ15ʹʹ N and 23°46ʹ45ʹʹ E), with 
chernozem soils, annual mean temperature of 8.9°C and 
513.6 mm of rainfalls; Jucu (46°51ʹ18ʹʹ N and 23°47ʹ35ʹʹE), 
with sandy loam  soil, annual mean temperature of 8.3°C 
and 612.7 mm of rainfalls and Morău (46°59ʹ49ʹʹ N and 
23°44ʹ35ʹʹ E), with brown reddish soils-preluvisoil, annual 
mean temperature of 8.0°C and 560.1 mm of rainfalls, all 
in Cluj County). 

The experiments were organised in a split plot design 
in which, on a general level of organic fertilization (40 t/
ha manure), four levels of mineral N fertilization were ap-
plied (kg/ha, active matter): N0, typical for organic tech-
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Results and discussion

It is well known the fact that sweet corn yields poorer 
than the normal one (Hemphill and Hart, 1992; Salardini 
et al., 1992) but nevertheless it can yield as high as 35-40 
t/ha unhusked cobs (Has, 2002) on condition that its 
needs of nitrogen are properly supplied (Ardelean et al., 
2010). Since, in Romania, sweet corn is consumed mainly 
as fresh vegetable (boiled ears), farmers are less interested 
in husked ear yield and more attentive to produce great 
number of marketable ears/ha. Tab. 1 shows the yield per-
formances (t/ha unhusked ears) of the tested sweet corn 
hybrids grown on different levels of mineral N fertiliza-
tion as well as their index of superiority and the shares of 
G and G × E in the total value of these indices. As it has 
been expected, ‘Prima’ cv. registered the poorest yields, 
most probably due to its earliness, which did not allow 
the plants to use the additional mineral N fertilization. 
Even on N100 and N150 this genotype has an unhusked ear 
yield which differs from that registered on N0 only slightly 
above the limits of P5%.

The highest unhusked ear yields were noticed in 
semiearly and semilate hybrids (26.2-29.0 t/ha) with high 
and very high rates of additional mineral N fertilization 
(N100 and N150). It is worth mentioning the fact that in 
‘Deliciul verii’ cv. (semilate) the increase of additional 
mineral N, from N0 to N50 and from N50 to N150, was not 
accompanied by significant increases of unhusked ear 
yields. Theses results might suggest that for certain sweet 
corn genotypes, the fertilization with high and very high 
rates of additional mineral N might not be economically 
efficient since the yield increase is far from being signifi-
cant as compared with yield obtained with low rates of 

nologies; N50, corresponding to the low-input (sustain-
able) system; N100 and N150 customary with conventional 
system of agriculture. The specific technologies of weed 
and pest control were applied in each agricultural system.

Based on cob yield data registered for hybrids in loca-
tions x years x cropping system, a superiority index (Pi) 
was computed for each sweet corn hybrid, illustrating the 
stability of their cob yields, with and without husks. Lin 
and Binns’ (1988) procedure and formula were used to 
compute Pi

in which:

iX =mean yield of ith cultivar in n environments;  
M = mean of maximum yields in n environments; jM = 

maximum yield of all cultivars in the jth environment; jiX
 

= yield of ith cultivar in the jth environment; i.X = mean 
yield of all cultivars in all environments; n = number of 
environments.

Pi is the measure of deviation of performances of a 
certain genotype from the maximum value of the studied 
character (i.e. cob yield) across all environments. Thus, the 
cultivar with the lowest Pi value will be considered the most 
stable one, the most adapted to the various environments 
in which the experiment has been performed. The authors 
consider that the first part of the above formula is quanti-
fying the contribution of genotype (G) while the second 
part is indicating the share of G x E to the total value of Pi. 
On this basis the shares of genotypic (G) and G x E effects 
in the total value of Pi has been evaluated. For each tested 
genotype, Pi and cob yields (with and without husks) were 
graphically presented vs. mean values of Pi and yield across 
years, locations and levels of mineral N fertilization.  

Tab. 1. Unhusked ear yields (t/ha) and their index of superiority (Pi)

Hybrid
Organic (N0) Low input (N50) Conventional (mean N100-N150)

Yield 
t/ha Pi G effect GxE 

effect
Yield
t/ha Pi G effect GxE 

effect
Yield
t/ha Pi G effect GxE 

effect
‘Prima’ 17.0 f 35.3 25.4 9.8 18.1 ef 30.9 14.6 16.3 20.3 de 37.1 17.7 19.5

‘Dulcin’ 20.0 de 16.2 8.4 7.8 22.2 cd 21.6 5.2 16.4 26.2 ab 3.1 0.4 2.7
‘Estival’ 21.1 cd 8.6 4.7 3.9 22.9 cd 18.3 4.8 13.5 26.7 a 1.4 0.2 1.2

‘Deliciul verii’ 23.4 bc 10.7 0.2 10.5 26.0 ab 18.6 1.4 17.2 29.0 a 11.3 4.9 6.5
‘T-145’ 19.2 ef 16.1 12.1 4.0 23.5 bc 18.7 3.9 14.8 26.6 a 14.6 5.8 8.8

SD5% for two hybrid x fertilization means: 2.9-3.7 t/ha. The difference between any two values, followed by at least a common letter, is not significant

Tab. 2. Husked ear yields (t/ha) and their index of superiority (Pi)

Hybrid
Organic (N0) Low input (N50) Conventional (mean N100-N150)

Yield
t/ha Pi

G
effect

GxE 
effect

Yield
t/ha Pi

G
effect

GxE 
effect

Yield
t/ha Pi

G
effect

GxE 
effect

‘Prima’ 12.4 g 34.4 26.6 7.8 13.2 g 30.9 21.3 9.7 14.7 fg 32.5 15.7 16.8
‘Dulcin’ 15.9 ef 15.9 12.9 5.7 18.3 cde 18.6 10.9 7.7 20.7 ab 2.8 0.2 2.5
‘Estival’ 17.2 cde 17.4 9.4 8.0 19.2 bc 14.3 6.5 7.8 21.4 ab 1.5 0.6 0.9

‘Deliciul verii’ 18.4 cde 13.0 6.3 6.7 18.2 cde 13.1 4.8 8.3 22.6 a 8.1 3.1 4.9
‘T-145’ 16.3 ef 18.5 11.7 6.8 18.8 bcd 10.7 4.8 5.9 21.4 ab 9.8 4.1 5.7

SD5% for two hybrid x fertilization means: 2.9-3.7 t/ha. The difference between any two values, followed by at least a common letter, is not significant
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mineral N. Such genotypes are highly suitable both for or-
ganic and low input agricultural technologies. 

In different agricultural systems, the tested hybrids 
were classified differently on the basis of their Pi values. 
Thus, in the organic system, ‘Estival’ and ‘Deliciul verii’ 
showed the lowest Pi values (the highest stability) for un-
husked ear yield, but in ‘Deliciul verii’, with the highest ear 
yield, the share of genotypic effects was very small while 
in ‘Estival’ the genotypic and G x E effects were approxi-
mately equal. In the sustainable subsystem three hybrids 
(‘Dulcin’, ‘Estival’ and ‘Deliciul verii’) showed the highest 
stability of their approximately equal levels of unhusked 
ear yields while under conventional practices of mineral 
N fertilization ‘Estival’ and ‘Dulcin’ ranked as the most 
stable genotypes for unhusked ear yield.

For the husked ear yield (Tab. 2), the only efficient yield 
levels (t/ha) were registered in the conventional system of 
N fertilization, both organic and sustainable practices pre-
senting significantly lower values for this character. The 
stability of husked ear yield proved the highest in ‘Estival’ 
and ‘Dulcin’ under conventional practices of N fertiliza-
tion while in organic and low input systems ‘Deliciul verii’ 
showed the grater yield stability. It could be stated that for 
husked ear yield, organic and low input farmers should 
prefer ‘Deliciul verii’ which can yield at the same level with 
‘Eestival’ and ‘Dulcin’ being at the same time 5-6 days ear-
lier and rather stable in its yielding behavior.

Conclusions

For the tested sweet corn hybrids, the conventional 
practices of mineral N fertilization should consider as real-
ly efficient only high rates of additional mineral N (N150). 
The low input practices of N fertilization (N50) applied to 
these hybrids are far from rewarding the farmer with sig-
nificant yield increases in comparison with no mineral N 
application.

Early genotypes (i.e. ‘Prima’) register poor ear yields 
(with and without husks), in all agricultural systems most 
probably due to their short vegetative period which does 
not allow the plants to use the additional mineral N fer-
tilization. 

For certain semiearly sweet corn genotypes, the fertil-
ization with high and very high rates of additional mineral 
N might not be economically efficient since the yield in-
crease is far from being significant as compared with yield 
obtained with low rates or no mineral N fertilization. Such 
genotypes (i.e. ‘Deliciul verii’) are highly suitable both for 
organic and low input agricultural technologies. 

There could be stated that, at least for the time being, 
the initiation of an organic breeding program for sweet 
corn, in Romania, is not economically justified, since 
among the recently released sweet corn hybrids one can 
find certain genotypes (i.e. ‘Estival’, ‘Deliciul verii’, ‘Dul-
cin’) rather highly adapted to organic or low input agri-

cultural practices. The yield stability of these hybrids was 
significantly high over locations, years and N fertilization 
practices in different agricultural systems.
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