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SUMMARY
Thousand kernel weight (TKW) is an important yield component trait affected by
the environmental conditions. This study’s objectives were to determine an environmental variability for the TKW in 32 maize hybrids, sorted in four FAO maturity
groups (FAO300, 400, 500 and 600), and to compare 12 environments in Croatia (six
locations in two years) according to the joint linear regression and stability analyses across the maturity groups. In general, the effects of the environment, genotype, and their interaction (GEI) were significant. A three-factor ANOVA revealed
the greatest and highly significant year effect, while the location effect was nonsignificant across all four FAO groups. A stability analysis did not detect any preferences with regard to the locations and trends across the FAO groups. It indicates
that all locations in the Pannonian region included in this study were suitable for
an evaluation of the TKW in maize genotypes belonging to all maturity groups. The
TKW seems to be an appropriate yield-component trait for maize breeding due to a
high heritability and linear GEI nature.
Keywords: genotype × environment interaction (GEI), maize, stability analysis,
locations, thousand kernel weight

INTRODUCTION
A grain yield, as the most important agronomic
trait in maize, is associated with several yield component traits (Stuber et al., 1987). A kernel weight is
one of them, measured as a “thousand kernel weight”
(TKW), being strongly affected by the growth conditions
(Zhou at al., 2016), especially by the drought and heat
stresses during the grain-filling period (Ou-Lee et al.,
1985; Westgate et al., 1994). To assure a stable maize
yield, it is important to determine the environmental
effects and their interactions with the TKW genotypes.
While a genotype and environment interaction and a
stability analyses concerning a grain yield in maize are
well documented, also implying the studies conducted
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in the Greater Pannonian Region (e.g., the recent studies by Stojaković et al., 2015; Zorić et al., 2017; and
Branković-Radojčić et al., 2018), the reports about
an environmental variation and its interaction with a
genotypic variation of the TKW is still lacking. Mitrović
(1) Domagoj Stepinac, Mag. Eng. Agr., Ivica Buhiniček, Ph. D., Mirko
Jukić, Ph. D. – Bc Institute for Breeding and Production of Field Crops,
Dugoselska 7, 10370 Rugvica, Dugo Selo, Croatia, (2) Prof. Dr. Hrvoje
Šarčević, Prof. Dr. Ivan Pejić – University of Zagreb, Faculty of Agriculture,
Svetošimunska cesta 25, 10000 Zagreb, Croatia, (3) Bojan Marković,
Mag. Eng. Agr. – CBM AGRO, Antuna Kanižlića 47, 31000 Osijek, Croatia,
(4) Antun Jambrović, Ph.D., Prof. Dr. Ivan Pejić, Assoc. Prof. Domagoj
Šimić (domagoj.simic@poljinos.hr) – Centre of Excellence for Biodiversity
and Molecular Plant Breeding, Svetošimunska cesta 25, 10000 Zagreb,
Croatia, (5) Agricultural Institute Osijek, Južno predgrađe 17, 31000
Osijek, Croatia

D. Stepinac et al.: ENVIRONMENTAL VARIABILITY OF THOUSAND KERNEL WEIGHT IN MAIZE ...
et al. (2016) have analyzed the environmental variation
of a hundred kernel weight, together with its interaction
with the long breeding periods in Serbia, but only a late
maturity group was included in the study. However, the
relationships between the yield, TKW, and maturity are
not straightforward (Milander et al., 2017). When the
environmental effects are to be involved, the relationship could be more challenging, exacerbated by a global
climate change.
This study’s objectives were to determine an
environmental variability for the TKW in maize hybrids
belonging to four FAO maturity groups (FAO 300, 400,
500 and 600) and to compare 12 environments and six
locations according to the joint linear regression and
stability analyses across the maturity groups.

MATERIAL AND METHODS
A total of 32 maize hybrids belonging to the FAO
300, 400, 500 and 600 maturity groups (eight hybrids
in each maturity group) were evaluated during the
growing seasons in 2017 and 2018. The two years
field experiment was described in detail by Pandžić
et al. (2021), including a comprehensive meteorological and agronomic information. In this study, the data
from six locations, i.e., Šašinovec, Rugvica, Osijek,
Beli Manastir, Tovarnik and Kutjevo, were selected,
corresponding to the locations L2, L5, L8, L9 and L10
presented by Pandžić et al. (2021). Each FAO group
was analyzed separately, whereby a randomized complete block design with four replicates was used for
all trials. The size of the four-row experimental plots
amounted to 11.2 m2, an inter-row distance was 0.7 m,
and a planting density was adjusted according to the
maturity groups. Fertilization, weed control, and cultural
practices were performed according to the practical
farming. The grain yield data (t ha-1) were recorded in
each environment and calculated to a 14% of moisture.
Based on a sample of 10 random ears per plot, thousand
kernel weight (TKW) was determined, adjusted to a 14%
moisture and expressed in grams. Each year–location
combination was considered as an “environment” (see,
e.g., Eberhart and Russel, 1966), analyzed as a series of
random locations with an entry means and an effective
error variance (Cochran and Cox, 1957), which were
used for a combined analysis. In a combined ANOVA, a
sum of squares of a genotype–environment interaction
was partitioned according to a “symmetrical joint linear
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regression analysis” (DeLacy et al, 1996) proposed by
Wright, 1971, and Utz, 1972, according to the following
model:
yij = m + gi + ej +agiej + cjgi + biej + rij,
where m is a grand mean over all genotypes and
environments, gi is a genotype effect, ej is an environment effect and agiej is a joint regression effect with a
concordance parameter a. The joint regression effect
was replaced by Tukey’s non-additivity test (Tukey,
1949), as suggested by Utz (1972): bi is a regression
coefficient for the genotype i, cj is a regression coefficient for the environment j, and rij is residual. Regression
coefficients (bi) and deviation mean squares (s2di) were
employed as the yield stability parameters for each environment (Eberhart and Russel, 1966). Bartlett’s homogeneity test within the environment error variances
provided a nonsignificant chi-square, so a homogeneity
hypothesis was accepted in this case. Heritability was
estimated on an entry–mean basis (Hallauer et al.,
σG2
2
, where σG
2010), as follows: H2= 2
σG + σ2GxE + σe2
represents a genotypic variance, σ2GxE represents a
genotype × environment interaction variance, and σe2
is a residual variance. The PLABSTAT program package
(Utz, 1995) was used for a statistical analysis.

RESULTS AND DISCUSSION
The data pertaining to each environment were
analyzed separately, manifesting the highly significant
effects of genotypes on all environments (data not
depicted). The environmental means differed considerably across the FAO groups concerning a grain yield and
the TKW (Figure 1). Generally, concerning the grain yield,
the environmental mean values were lower in 2017. On
the other hand, there was a greater variation of the TKW
in 2017 than in 2018, resulting in the TKW mean values
ranging between 270 to approximately 400 g. The highest TKW means were noted in two environments in
2017, pertaining to the FAO 600 hybrids. Mitrović et al.
(2016) have presented the similar kernel weight results
for the FAO 600 hybrids, released in Serbia between
1978 and 2011. A correlation coefficient between a
grain yield and the TKW was r=0.56. A companion
paper by Pandžić et al. (2021) has demonstrated that a
grain yield reduction was primarily affected by the TKW,
emphasizing an importance of sufficient grain filling.
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Figure 1. A relationship between a thousand kernel weight (TKW) and a grain yield based on the environmental
means in six locations and two years (12 environments), averaged over the eight maize genotypes in each of the
four FAO groups. LSD (0.05) denotes least significant difference at the 0.05 probability level
Grafikon 1. Odnos između mase tisuće zrna i prinosa zrna na osnovi okolinskih srednjih vrijednosti na šest lokacija u dvjema
godinama (12 okolina), uprosječenih za osam genotipova u svakoj od četiriju FAO skupina. LSD (0.05) označuje najmanju
značajnu razliku na razini vjerojatnosti od 0.05

A three-factor analysis of variance (ANOVA)
revealed the greatest and highly significant year effect
across all four FAO groups (Table 1). A location effect
was consistently insignificant, whereas a genotype

effect was significant for the FAO groups 300, 400, and
500. A location×year interaction (L×Y) was highly significant across all FAO groups. The significance of other
interactions was inconsistent across the FAO groups.

Table 1. A three-factor ANOVA for a thousand kernel weight (TKW) in eight maize genotypes of each of the four
FAO maturity groups, i.e., 300, 400, 500 and 600, respectively (a total of 32 hybrids), grown at six locations in two
years
Tablica 1. Kombinirana tročimbenična ANOVA za masu tisuću zrna kod osam genotipova kukuruza u svakoj skupini zriobe
FAO 300, 400, 500 i 600 (ukupno 32 hibrida), posijanih na šest lokacija u dvjema godinama
Source of Variation /
Izvor variranja

Degrees
of freedom /
Stupnjevi slobode

Mean square / Varijanca
FAO 300

FAO 400

FAO 500

FAO 600

20029.7**

29041.0**

7943.2**

382.0ns

3280.4ns

8737.4ns

Year (Y) / Godina (Y)

1

4472.7**

Location (L) / Lokacija (L)

5

923.5ns

Genotype (G) / Genotip (G)

7

2914.8**

L×Y

5

6293.9**

G×Y

7

G×L

35

G×L×Y

35

6704.1**

3387.2**

2413.5ns

6648.8**

6079.6**

6863.9**

249.7ns

435.6*

348.1ns

1889.1**

284.4*

178.4ns

200.5ns

245.5ns

129.6*

140.3ns

238.2**

184.9*

**, * Significant at the 0.01 and 0.05 probability levels, respectively / statistički značajno na razini vjerojatnosti od 0,01 odnosno 0,05; ns nonsignificant / nije
statistički značajno

In a combined two-factor ANOVA, the genotypes,
environments, and their interaction were highly significant for the TKW across the FAO groups (Table 2).
Heritability estimates were reasonably high, indicating
the relatively low variances of a G×E interaction and
residuals. The partitioning of a G×E sum of squares
according to a symmetrical joint linear regression analyPOLJOPRIVREDA 27:2021 (2) 50-55

sis has revealed non-significantTukey’s test, heterogeneity of environmental regressions and heterogeneity
of genotypic regressions. Non-significant Tukey’s test
indicates that a TKW-related G×E interaction has a
more linear nature, rather than a complex one. It justifies
a further examination of stability parameters for each
environment separately.
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Table 2. ANOVA for a thousand kernel weight (TKW) (g) of eight maize genotypes of each of the four maturity
groups, FAO 300, 400, 500 and 600 (total of 32 hybrids), respectively, across 12 environments and heritability
estimates, with corresponding standard error (SE)
Tablica 2. Kombinirana ANOVA za masu tisuću zrna (g) osam genotipova kukuruza u svakoj skupini zriobe FAO 300,
400, 500 i 600 (ukupno 32 hibrida) uzgojenih u dvanaest okolina i vrijednosti heritabilnosti s pripadajućom standardnom
pogreškom (SE)
Source of Variation /
Izvor variranja

Degrees
of freedom /
Stupnjevi slobode

FAO 300

FAO 400

FAO 500

FAO 600

Environments (E) / Okoline (E)

11

3687.2**

6579.4**

6894.7**

7813.6**

Genotypes (G) / Genotipovi (G)

7

2914.8**

6704.1**

3387.2**

2413.5**

Interaction G×E – Interakcija G×E

77

210.9**

184.5**

231.1**

367.4**

Tukey’s test / Tukeyev test

1

104.9ns

183.3 ns

22.5 ns

333.6 ns

Heterogeneity of environmental regressions /
Heterogenost okolinske regresije

6

40.9ns

270.2 ns

312.8 ns

366.0 ns

Heterogeneity of genotypic regressions /
Heterogenost genotipske regresije

10

242.5ns

146.0 ns

58.3 ns

146.1 ns

Residual deviations / Residualne devijacije

60

224.4

182.3

255.2

405.0

Pooled error / Skupna pogreška

252

Heritability (SE) / Heritabilnost (SE)

Mean square / Varijanca

78.27

118.5

132.0

122.2

92.8 (3.6)

97.3 (1.4)

93.2 (3.4)

84.8 (5.6)

** Significant at the 0.01 probability level / statistički značajno na razini vjerojatnosti od 0,01; ns nonsignificant / nije statistički značajno

Twelve environments differed in their stability
parameters, but there was no consistent trend for
both a regression coefficient and a deviation mean
square across the environments and maturity groups
(Table 3). Generally, the highest regression coefficient
values were detected for the FAO 300 maturity group,
while there were no bi values greater than 1.00 for the
FAO 600 maturity group. On average, the greatest s2di

values were observed in the FAO 600 hybrids, with no
obvious trend across the environments. Generally, our
results suggest that a TKW-related stability analysis
did not detect any preferences among the locations
and no trends across the FAO groups. Comparable
findings pertaining to a grain yield stability analysis in
a similar location set were presented by Šimić et al.
(2003).

Table 3. Regression coefficient (bi) and a deviation mean square (s2di), stability parameters for a thousand kernel
weight in 12 environments in Croatia in eight maize hybrids in each of the four FAO maturity groups.
Tablica 3. Regresijski koeficijent (bi) i varijanca odstupanja (s2di), parametri stabilnosti za masu tisuću zrna u 12 okolina u
Hrvatskoj kroz osam hibrida kukuruza u svakoj od četiriju FAO-ovih skupina zriobe.
Environment /
Okolina

Deviation mean square (s2di) /
Varijanca odstupanja (s2di)

Regression coefficient (bi) /
Regresijski koeficijent (bi)
FAO 300

FAO 400

FAO 500

FAO 600

FAO 300

FAO 400

FAO 500

FAO 600

Šašinovec17

1.23

0.90

0.40

0.75

179

143

285

464

Rugvica17

1.50

0.48

0.92

0.29

343

90

328

601

Osijek17

1.19

0.58

0.92

0.53

172

170

216

169

B. Manastir17

0.89

0.48

0.63

0.40

120

512

350

491

Tovarnik17

0.99

0.30

1.19

0.36

296

109

175

445

Kutjevo17

0.59

0.54

1.12

0.58

89

89

244

327

Šašinovec18

1.26

0.70

1.12

0.63

110

25

187

345

Rugvica18

1.28

0.65

0.80

0.62

197

281

393

487

Osijek18

1.40

0.50

0.71

0.30

116

105

284

240

B. Manastir18

0.76

0.45

1.09

0.76

226

172

98

212

Tovarnik18

0.52

0.35

0.88

0.43

367

264

148

131

Kutjevo18

0.39

0.54

0.37

0.33

67

128

150

497
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However, Pandžić et al. (2021) documented that a
moderate 2017 drought has differently affected a grain
yield reduction concerning the locations throughout
Croatia’s Pannonian portion. Compared to the year
2018, a yield reduction in 2017 amounted to 13% in the
Western part and 20% in the Eastern part, respectively.

7.

8.

CONCLUSIONS
The results of a TKW analysis have manifested
a considerable difference between the years without
an overall tangible location effect. Moreover, a weak
location effect was consistent in all four FAO maturity
groups. These results indicate that all locations in the
Pannonian region included into this study were suitable
for a TKW evaluation in maize genotypes affiliated with
all maturity groups. A relatively high heritability and
a less complex (i.e., linear) nature of a genotype ×
environment interaction render the TKW as a yield-component trait, attractive for the maize breeding programs.
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OKOLINSKA VARIJABILNOST MASE TISUĆU ZRNA
KOD HIBRIDA KUKURUZA RAZLIČITIH SKUPINA ZRIOBE
SAŽETAK
Masa tisuću zrna (TKW) važno je svojstvo – komponenta prinosa koja je pod utjecajem okolinskih čimbenika.
Ciljevi su ovoga rada odrediti okolinsku varijabilnost TKW-a 32 hibrida kukuruza kategorizirana u četiri FAO-ve
skupine zriobe (FAO 300, 400, 500 i 600) i usporediti 12 okolina u Hrvatskoj (šest lokacija u dvjema godinama)
prema združenoj linearno-regresijskoj analizi i analizi stabilnosti po grupama zriobe. Općenito, učinci okoline,
genotipa i njihove interakcije (GEI) bili su statistički značajni. Tročimbenična ANOVA pokazala je najveći
i visoko signifikantan učinak godine, dok učinak lokacije nije bio statistički značajan u sve četiri FAO-ve
skupine. Analiza stabilnosti nije detektirala preferencije među okolinama niti trend pod FAO-vim skupinama.
Naši rezultati ukazuju da su sve okoline u Panonskoj regiji uključene u istraživanje pogodne za procjenu
TKW-a kod hibrida kukuruza svih FAO-vih skupina. TKW se pokazao prikladnom komponentom prinosa za
oplemenjivanje kukuruza zbog visoke heritabilnosti i linearne naravi interakcije GEI-ja.
Ključne riječi: interakcija genotip × okolina, kukuruz, analiza stabilnosti, lokacije, masa tisuću zrna
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