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Abstract: The isonucleus inbred lines study has
been initiated from the demand of clarifying if the
cytoplasm source has a positive or negative
influence on the corn ears, plants, grain traits and
some maize cultural features (RACZ et al, 2011).
Studies conducted on different male cytoplasm
sterile inbred lines have highlighted differences
between the various cytoplasm sources inbred lines
and also differences in regarding the obtained
single crosses behavior (GRACEN and collab.,
1979; HAS and collab., 1999). The research has
been conducted in the experimental field provided
by the Maize Breeding laboratory from
Agricultural Research and Development Station
Turda in 2009.There have been studied the
following maize ear traits for isonucleus inbred
lines: ear weight (g), kernel weight per ear (g),
kernel rows per ear, kernel number per raw, ear
diameter (cm), rachides diameter (cm), thousand
kernel weight (g), kernel depth and the kernel yield
per ear. The transfer has been realized through 10
cross-breeding procedures with the nucleus donor
inbred line in 1992-2004 time period. After that,
the isonucleus inbred lines maintenance has been
realized through self-pollination and SIB
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pollination. Through the 10 times cross-breeding
procedures with the nucleus donor line we can
appreciate that the nucleus has been transferred
99,9% on the new cytoplasm (Crrcinas et al, 2009).
For all the 11 studied traits there have been
determined significances of the corresponding
variance for cytoplasm and ,,cytoplasm x testers”
interaction. The cytoplasm has had a significant
influence in the hereditary transfer in the case of
ear length in four out of five clusters from the
studied isonucleus lines and the ,,cytoplasm x
testers™ interaction has been significant for all the
five tested clusters. The thousand kernel weight has
been statistically significant differenced due to
cytoplasm influence in four of the five tested
clusters and the ,,cytoplasm x testers™ interaction
in one single case. The mean kernel number/ear
has been influenced by the cytoplasm source in four
of the five tested groups and the ,,cytoplasm x
testers™ interaction has had significant figures in
four tested clusters. Although the study assumption

was that different cytoplasm sources are
influencing the kernel depth, this hypothesis hasn’t
been confirmed.

In the specialty literature is mentioned that most of the traits which are yield

determinative (the ear size, length, kernel rows/ear, kernel number/raw, thousand kernel
weight) are genetically induced mostly at nucleus level, but there are also assertions saying that
the heritability of some of these traits is due to some genes located in the cytoplasm (STUBER si
colab., 1992; Has, 1992; CABULEA si colab., 1994; CABULEA si colab., 1999; TROYER, 2001;
CABULEA, 2004; SARCA, 2004; Has, 2004).

MATERIAL AND METHODS

There have been studied the following maize ear traits for isonucleus inbred lines: ear
weight (g), kernel weight per ear (g), kernel rows per ear, kernel number per raw, ear diameter
(cm), rachides diameter (cm), thousand kernel weight (g), kernel depth and the kernel yield per
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ear. The transfer has been realized through 10 cross-breeding procedures with the nucleus
donor inbred line in 1992-2004 time period. After that, the isonucleus inbred lines maintenance
has been realized through self-pollination and SIB pollination. Through the 10 times cross-
breeding procedures with the nucleus donor line we can appreciate that the nucleus has been
transferred 99,9% on the new cytoplasm (CHICINAS et al, 2009). The nucleus donor inbred
lines were: TC 209, TC 243, TC 221, TB 367 si D 105, and the cytoplasm sources inbred lines
were: T 248, TC 243, TC 298, TC 209, K 1080, TC 316, TB 329, TC 221, K 2051, T 291, A
665, W 633 si TC 177. Each nucleus donor inbred line has been studied on six cytoplasm
sources, the nucleus donor line being assumed as control line. The name assignment for the
new created lines has been done after the nucleus donor line and the cytoplasm source has been
mentioned in brackets: TC 209 (cyt. A 665), TC 243 (cyt. T 248), TC 221 (cyt. K 1080), TB
367 (cyt. K 2051), D 105 (cyt. TB 329). Testing inbred isonuclear lines was done by crossing
each of the inbred lines with tester inbred lines. Tester inbred lines were: TC 344, LO3 Rf, TB
329, TD 233, T 291 and TC 209. The results of the experimental field and laboratory
measurements and determinations have been than statistically processed through the ANOVA
test (CiuLCA, 2006). For the comparing crops where the common ,,inbred line x tester” cross-
breeds have been studied the genotypes variance has been orthogonally split in the following
categories: the cytoplasm source influence, the tester influence, the "cytoplasm x tester"”
interaction influence. For each studied single cross and trait the phenotypic value is described
by the following relation:

HS cit. i x tester AL cit it & esterjt S ixj, where:
-u= experimental mean;
-8 .. i= the overall combining capacity of the mother inbred lines with the ,,i” cytoplasm,
respectively the overall ,,i” cytoplasm combining capacity;
-8 westerj= the ,,j” tester inbred line overall combining outcomes;
-§ ixj= the peculiar combining capacity outcomes between the ,,i” mother cytoplasm source and
the ,,j” tester gene (RACZ et al, 2011).

RESULTS AND DISCUSSIONS

The results summary as regarding the variances significance for different ears and
kernels traits while testing the different cytoplasm sources for the five isonucleus lines clusters
are represented in table 1.

For all the 11 studied traits there have been determined significances of the
corresponding variance for cytoplasm and ,,cytoplasm x testers” interaction.

As regarding the ear weight the cytoplasm variance has been statistically significant
for the clusters generated by TC 243 isonucleus lines (**) and TB 367 isonucleus lines (*), and
the ,,cytoplasm x testers” interaction for TC 209 (**) and D 105 (**) clusters.

For the kernel weight/ear trait the cytoplasm influence variance has been statistically
significant in the case of two of the five isonucleus clusters (TB 367 and D 105), and the
»cytoplasm x testers” interaction in the case of TC 209 and D 105 clusters.

The cytoplasm has had a significant influence in the hereditary transfer in the case of
ear length in four out of five clusters from the studied isonucleus lines and the ,,cytoplasm x
testers” interaction has been significant for all the five tested clusters.

The mean number of kernel rows/ear has had significant figures for cytoplasm
variance in four cases of the five tested clusters and the ,,cytoplasm x testers” interaction has
been distinctive significant in three of five studied clusters.

The differences induced by cytoplasm have been significant in four out of five
isonucleus lines as regarding the kernel number/row and the ,,cytoplasm x testers” interactions
have been statistically significant in all cases.
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The ear diameter has been influenced both by the cytoplasm origin and the ,,cytoplasm
X tester” interactions in three of five clusters at cytoplasm level and in two groups by the
»cytoplasm x tester” interaction; in the rachides diameter case the cytoplasm influence has
been statistically significant in four of the five isonucleus tested lines and the ,,cytoplasm x

testers” interaction in three cases.

Table 1

The results summary on variance significance for ear traits induced by the cytoplasm origin for five

inbred lines (ARDS Turda, 2009)
. o Tested inbred isonucleus lines
Analyzed trait Variability source
Y Y TC 209 TC 243 TC 221 TB 367 D 105
_genotype Kk Kk ns Kk Kk
. - cytoplasm ns *x ns * ns
Ear Welght - tester *k *k ns *k *k
- interaction “cytoplasm x tester” w* ns ns ns w*
-genotype x> * ns x> **
Kernel mean - cytoplasm ns ns ns wx *
weight - tester wx o ns o o
- interaction "cytoplasm x tester" il ns ns ns il
_genotype Kk Kk *k Kk Kk
- cytoplasm * * ** * ns
Ear meanlength - tester *x *x ns wx *x
- interaction “cytoplasm x tester * * wx * wx wx
_genotype Kk Kk *k Kk Kk
Mean rows - cytoplasm *x ns el * *
number/ ear - tester wx wx ** wx wx
- interaction “cytoplasm x tester * *x ns el wx ns
_genotype Kk Kk *k Kk Kk
Mean kernel - cytoplasm ns *x el wx ns
number/ row - tester wx wx ns * wx
- interaction “cytoplasm x tester * *x * * *
_genotype Kk Kk * Kk Kk
- cytoplasm ns *x ns *x *
'(\ﬂ:?r?ete:rr - tester Kk Kk *k * Kk
- interaction “cytoplasm x tester ns * ns ns *x
_genotype Kk Kk * Kk Kk
Rachides mean - cytoplasm * * ns * *
diameter - tester o o ** wx ns
- interaction “cytoplasm x tester * * ns ns * *x
Mass of a -genotype ns * * *x *x
thousand grains - cytoplasm N - w . -
( )g - tester ns ns *x *x *x
9 - interaction “cytoplasm x tester ns ns ns * ns
_genotype Kk Kk *k Kk Kk
Mean kernel - cytoplasm *x * el wx ns
number/ - tester wx wx ** wx wx
ear - interaction “cytoplasm x tester * wx ns el * *
_genotype Kk Kk *k Kk Kk
Kernel mean - cytoplasm ns ns ns ns ns
depth (cm) - tester i i wx i i
- interaction “cytoplasm x tester * ns ns ns * wx
_genotype ns Kk *k Kk Kk
. - cytoplasm ns *x ns *x *
Mean kernel yield

Y - tester ns * x> * x>
- interaction “cytoplasm x tester ns ns el ns wx
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The thousand kernel weight has been statistically significant differenced due to
cytoplasm influence in four of the five tested clusters and the ,,cytoplasm x testers” interaction
in one single case. The mean kernel number/ear has been influenced by the cytoplasm source in
four of the five tested groups and the ,,cytoplasm x testers” interaction has had significant
figures in four tested clusters. Although the study assumption was that different cytoplasm
sources are influencing the kernel depth, this hypothesis hasn’t been confirmed. Thus, the
differences between the isolines were not significant in any tested cluster; on the other hand
there have been significant the ,,cytoplasm x testers” interactions for the TB 367 (*) and D 105
(**) clusters. The grain yield, one of the most dynamic production trait, has been influenced at
cytoplasm level in three of the five tested clusters and the ,,cytoplasm x testers” interaction has
been distinctive significant in the case of TC 221 and D 105 clusters.

Both for ear and kernel traits, it was calculated the share of cytoplasmic effect
variance, the share tester effect variance and the share ,,cytoplasm x tester” interaction effect
variance. The results for the five tested inbred isonuclear lines are presented in figures 1-5.

EAR WEIGHT KERNEL WEIGHT EARLENGTH
550 68%
“6%
9% 9% 23%
mlm2m3 mlm2m3
NUMBER OF ROWS/ EAR KERNEL NUMBER/ ROW EAR DIAMETER
89% 76%
5% 6% 6% 8%
mlm2m3 mjm2m3 mlm2m3
RACHIDE DIAMETER MASS OF ATHOUSAND GRAINS KERNEL NUMBER/ EAR
29%

. . o
22%

mlm2m3 mlm2m3 mlm2m3

KERNEL DEPTH KERNEL YIELD/PLANT
91%
5%n7%
28%
0% 9%
mim2m3 mlm2m3

1- the share of cytoplasmic effect variance; 2 - the share tester effect variance; 3 -/ the share "cytoplasm x
tester" interaction effect variance

Figure 1. The factors share on isonuclear lines TC 209
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For the isonucleus lines cluster TC 209 the results regarding the share of different
factors in the genotypes variance are presented in figure 1. The share of cytoplasmic effect
variance ranged between 1 % for kernel depth and 32 % for mass of thousand grains. High
values of the share of cytoplasmic effect variance registered for kernel yield/ plant (28%) and
for rachide diameter (22%). The variance induced by the ,,cytoplasm x tester” interaction has
had shares of 6% at number of rows/ ear and 67% at kernel yield/ plant. High values of the
share ,,cytoplasm x tester” interaction effect variance had even the following traits: mass of a
thousand grains (63%), rachide diameter (49%), ear weight (36%) and kernel number/ row.

EAR WEIGHT KERNEL WEIGHT EAR LENGTH
- 88%
48% “
n “40%
3% 9%
18% 19% 12%
mlE2m3 mElE2m3 mjE2m3

NUMBER OF ROWS/ EAR

KERNEL NUMBER/ ROW

EAR DIAMETER

95% 55% 78%
1%4% 21%024% 8% 14%

mim2m3 mim2m3 mim2m3

RACHIDE DIAMETER MASS OF A THOUSAND GRAINS KERNEL NUMBER/ EAR

40% 79%
0390/ 44%‘. 47% n
21%
8% 13%
[reeey] [s1a2e9] [Fi=2e3)
KERNEL DEPTH KERNEL YIELD/ PLANT
70%
67%
“17%
11% 19% 16%
winzm3 [m1e2ms]

1- the share of cytoplasmic effect variance; 2 - the share tester effect variance; 3 - ponderea variantei
interactiunilor ,,citoplasme x testeri” / the share "cytoplasm x tester" interaction effect variance
Figure 2. The factors share on isonuclear lines TC 243

For the isonucleus lines cluster TC 243 the results regarding the share of different
factors in the genotypes variance are presented in figure 2. The cytoplasm induced variance has
had shares of 1% at number of rows/ ear and 44 % at mass of thousand grains. High values of
the share of cytoplasmic effect variance registered for kernel number/ row (21%), rachide
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diameter (21%), kernel yield/ plant (16%) and for ear weight (18%). The variance induced by
the ,,cytoplasm x tester” interaction has had shares of 4% at number of rows/ ear and 47% at
mass of thousand grains. High values of the share ,,cytoplasm x tester” interaction effect
variance registered in case of rachide diameter (39%), kernel weight (40%), kernel number/
row (24%) and kernel depth (19%).

In case of the isonucleus lines cluster TC 221 the results regarding the share of
different factors in the genotypes variance are presented in figure 3. The share of cytoplasmic
effect variance ranged between 3% for kernel yield/ plant, 5% for rachide diameter and kernel
depth and 57% for kernel weight. The cytoplasm induced variance has had a high share at
kernel number/ row (54%), ear weight (51%), ear length (45%). The share "cytoplasm x tester"
interaction effect variance ranged between 8% at number of rows/ ear and 48% at rachide
diameter. The variance induced by the ,,cytoplasm x tester” interaction has had shares of 45%
at ear length, 40% at kernel number/ row, 34 % at mass of thousand grains, 30% at ear weight,
30% at kernel weight and 28% at ear diameter.

EAR WEIGHT KERNEL WEIGHT EARLENGTH
10%
19% 13%
51% 57%
45% 45%
30% 30%
[m1m2mg] [aimzas) [m1m2m3]
NUMBER OF ROWS/ EAR KERNEL NUMBER/ ROW EAR DIAMETER

83%

9% 8%

mimzm3

6%
54%
40%

mim2m3

58%

9
14% 8%

RACHIDE DIAMETER

479
48%

5%

MASS OF A THOUSAND GRAINS
53%

04%

13%

KERNEL NUMBER/ EAR
79%

7% 14%

ml@2m3

86%

5%

KERNEL DEPTH

9%

KERNE

80%

mim2m3

L YIELD/ PLANT

3% 17%

1- the share of cytoplasmic effect variance; 2 - the share tester effect variance; 3 -the share "cytoplasm x

tester" interaction effect variance
Figure 3. The factors share on isonuclear lines TC 221
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As regarding the isonucleus lines cluster TB 367, the share of different factors in the
genotype variance are presented in figure 4. Even in this case, the lowest value of the share of
cytoplasmic effect variance registered for number of rows/ ear (4%). The highest value of the
share of cytoplasmic effect variance registered for kernel yield/ plant (60%). High values for
the share of cytoplasmic effect variance registered even for ear diameter (47%), kernel number/
row (46%), kernel weight (43%), ear length (40%) and ear weight (37%). The variance induced
by the ,,cytoplasm x tester” interaction has had shares of 12% at kernel number/ear, 13% at
number of rows/ ear and 41% at kernel depth. High values for the share ,,cytoplasm x tester”
interaction effect variance registered for kernel number/ row (39%), kernel weight (33%), ear
weight (31%) and rachide diameter (31%).

EARWEIGHT KERNEL WEIGHT EARLENGTH
32% 24% 32%
43“ 40%“
33%
37% 31% 28%
NUMBER OF ROWS/ EAR KERNEL NUMBER/ ROW EAR DIAMETER
83% 14%
’ - ‘
470/.
39%
4% 13% 46%.‘39%
CECELE] mim2E3

RACHIDE DIAMETER

42%

27% 31%

MASS OF A THOUSAND GRAINS

70%

12% 18%

KERNEL NUMBER/ EAR

76%

12% 12%

KERNEL DEPTH

KERNEL YIELD/PLANT

11%

60%
41%
20% 29%

1-the share of cytoplasmic effect variance; 2 - the share tester effect variance; 3 - the share "cytoplasm x
tester" interaction effect variance
Figure 4. The factors share on isonuclear lines TB 367

For the isonucleus line cluster D 105, the results regarding the share of different
factors in the genotypes variance are presented in figure 5. The share of cytoplasmic effect
variance for kernel and ear traits ranged between 3% for kernel number/ ear and 34% for
rachide diameter. Likewise the isonucleus line cluster TC 209, in case of the isonucleus line
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cluster D 105, the share of cytoplasmic effect variance has had the lowest values for kernel and
ear traits. Instead, the share "cytoplasm x tester" interaction effect variance has quite high
values, ranged between 6% at number of rows/ ear and 67% at kernel yield/ plant, respectively
64% at rachide diameter.

EAR WEIGHT KERNEL WEIGHT EARLENGTH
74% 72%
6%
'.43%
8% 18% 8% 20% 11%
m1m2m3 CECELE LFCELE

NUMBER OF ROWS/ EAR

KERNEL NUMBER/ ROW

EAR DIAMETER

58%

% 6% 8% 22% 11%
RACHIDE DIAMETER MASS OF A THOUSAND GRAINS KERNEL NUMBER/ EAR

79%

12% 9%

2%064%
34%

KERNEL DEPTH KERNEL YIELD/PLANT

81%

5% 14% 15%

1-the share of cytoplasmic effect variance; 2 - the share tester effect variance; 3 - the share "cytoplasm x
tester" interaction effect variance
Figure 5. The factors share on isonuclear lines D 105

CONCLUSIONS

1. For ears and kernels traits the cytoplasm and “cytoplasm x tester” interaction
influence is more visible in the most analyzed traits in the case of isonucleus lines.

2. The share of cytoplasm and “cytoplasm x tester” interaction variance is rather high
for the most analyzed ears and kernels traits. Among the tested traits the lowest share both for
cytoplasm and “cytoplasm x tester” interaction variance has been registered for rows
number/ear.

ACKNOWLEDGEMENTS
This study and the one numbered at Bilbiografy with 10 (RAcz CAMELIAET AL, , 2011,)

211



Research Journal of Agricultural Science, 44 (2), 2012

were financed by the POSDRU/89/1.5/S/62371 project (,,Postdoctoral School of
Agriculture and Veterinary Medicine Romania”).

BIBLIOGRAPHY

1. CABULEA |., VOICHITA HaAs, . HAs, 1994, Cercetari privind diversitatea genetica a citoplasmelor si a
interactiunilor nuclear-citoplasmatice la porumb, Contrib. Cerc. St. Dez. Agric., Ed.
Dacia,vol. V, 85-104.

2. CABULEA |, C. GRecu, |. Has, VoicHITA HAS, ANA COPANDEAN, A. TEBAN, 1999, Crearea hibrizilor
de porumb la SCA Turda n perioada 1983-1987, Contrib. cercet. stiint. dezv.
agric.,:73-98.

3. CABULEA ., 2004, Genetica porumbului, Tn: Butnaru Gallia, I. Cabulea, M. Cristea, I. Has, Voichita
Hag, Dana Malschi, Felicia Muresan, Elena Naghy, T. Perju, T. Sarca, Vasilichia
Sarca, D. Scurtu, Porumbul- studiu monografic, Ed. Academiei Romane, Bucuresti.

4. CHiciNAs CAMELIA, |. Has, VoicHITA Has, 2009, Phenotypic characterization of maize inbred lines
differentiated through cytoplasm, Research Journal of Agricultural Science, 41(2),
Agroprint Editorial, Timigoara.

5. CruLcA S., 2006, Metodologii de experimentare in agriculturd si biologie, Editura Agroprint,
Timisoara.

6. GRACEN V. E., A. KHEYR-POUR, E. D. EARLE, P. GREGORY, 1979, Cytoplasmic inheritance of male
sterility and pest resistance, Proc. 34th Ann. Corn and Sorgh. Res. Conf., 76-91.

7. Has 1., 1992, Cercetari privind rolul formelor parentale diferentiate genetic in realizareaheterozisului
la porumb, Teza de doctorat, Universitatea de Stiinte Agricole si Medicind Veterinara
Cluj Napoca.

8. Has 1., 2004, Heterozisul la porumb, Tn: Butnaru Gallia, 1. Cabulea, M. Cristea, 1. Has, Voichita Has,
Dana Malschi, Felicia Muresan, Elena Naghy, T. Perju, T. Sarca, Vasilichia Sarca, D.
Scurtu, Porumbul- studiu monografic, Ed. Academiei Romane, Bucuresti.

9. Has VoicHiTA, 1999, Variability of sweet corn hybrids under the influence of cultural practices,
Analele ICCPT, vol. LXVI:54-63.

10. Racz CAMELIA, |. Has, VoicHITA Has, |. CosTE, TEODORA ScHior, 2011, The cytoplasm origin
influence, the teser influence and the nucleus-cytoplasm interactions influence on ear
and kernel traits for isonuclear lines, Research Journal of Agricultural Science 43 (2),
Agroprint Editorial, Timigoara.

11. STuBer C. W., S. E. LincoLN, D. W. WoLF, T. HELENTJARIS, E. S. LANDER, 1992, Identification of
genetic factors contributing to heterosis in a hybrid from two elite maize inbred lines
using molecular markers, Genetics, 132:823-839.

12. SARcA T., 2004, Ameliorarea porumbului, Tn: Butnaru Gallia, I. Cibulea, M. Cristea, I. Has, Voichita
Hag, Dana Malschi, Felicia Muresan, Elena Nagy, T. Perju,T. Sarca, Vasilichia Sarca,
D. Scurtu, Porumbul- studiu monografic, Ed. Academiei Romane, Bucuresti.

13.TROYER A. F., 2001, Temperate corn background, behavior and breeding, CRC Press Boca Raton,
London, New York, Washington DC.

212



