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Summary

An improvement in the quality of maize grain by increasing the level of components responsible for its biological value is possible
by using genetic means. However, a change in the genotype, together with improving the nutrient properties of the grain, also has some
adver se consequences connected with a fall in yield and in resistance to diseases.

Field experiments were conducted during three years (2003, 2004and 2005) to evaluate environmental effects on grain yield and
quality responses of maize hybrids. Twenty one hybrids of various maturity groups (FAO 150-400) were planted to achieve an optimum
(60-70 000 plants per hectare) plant populations and grown under the medium-N (80 kg N ha-1) fertilization. Environmental conditions
significantly affected maize hybrid responses for grain yield, starch, oil and protein contents, and consequently, starch, oil and protein
yields per hectare. Hybrids of flint type, which have a short vegetation period, had high protein and oil content but the yield averages
were low due to the slower rate of starch incorporation. Hybrids of the dent type have a longer growing season and more intense
carbohydrate accumulation, but low protein and oil contents. In wet years there was a higher rate of starch accumulation, while dry
years are favorable for protein and oil accumulation. Positive correlation existed between starch content and grain yield and 1000-
weight as well as between oil content and volumetric weight among tested hybrids. Negatively correlation existed between grain oil and
starch content as well as between oil content and grain yield and 1000-weight. Thus, end-users that require high quality maize may need
to provide incentives to growersto off set the negative correlation of grain yield with oil and protein content.
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INTRODUCTION

Maize (Zea mays L) holds a significant place in B@manian agriculture, by large area it occupy (on
average 30% of arable land), the yields achievedl thp multiple uses of maize grain: food for pegple
industry, feed. Therefore, the production and eatincefficiency of maize crops are matters of nadlon
interest (Sarca et al, 2007). Using maize to dedrail, biodegradable polymers and nutrition prosiled to
the redirection of improvement programs to modifie tcontent of starch, protein and oil in grains and
fermentation capacity more effectively (Has et&iQ4).

The market and consumer demands led the maize uwament research study on quality characters
determinism (Dudley and Lambert, 1992; Osorno aack@a, 2008; Has et al., 2009).

Improving the quality of the corn is an objectieelte pursued with the same perseverance and capacit
Breeding for grain quality allows both diversifigat and increasing the economic value of maizewvatlon.
Knowledge about determinism of grain quality iirigportant in combination with improved grain yieddd
other agronomic characteristics, but also for improent of nutritional and industrial properties l{@oand
Scott, 2005; Osorno and Carena, 2008). Increaséitivel value of maize is possible by using genetic
methods and technology (Has et al, 2004; Hegyi, &0@7; Hegyi et al, 2008; Idikut et al, 2009).

In general, attempts to improve the quality of gsaare accompanied by some undesirable consequences
such as reducing production capacity and resistemcliseases and pests. Therefore in the choiceaife
hybrids it is necessary to be taken a balance letwapacity of production and grain quality indizat(Scott
et al, 2006).

Knowing that the chemical composition of grainsais important component in the characterization of
each hybrid, their choice in culture is as a viewd more efficient crop (Grecu and Legman, 1994tpAe et
al, 2006; Sarca et al, 2007).

The objective of this paper is the characterizatidn21l maize released hybrids about the chemical
composition of grains and grain quality and thatiehship between components and production pasamet

MATERIAL AND METHOD OF RESEARCH

The biological material studied consisted of 21 azmahybrids released of the following groups of
materials (Official Catalogue of varieties of cnalpnts in Romania for 2005):

- Mid early hybrids (FAO 300-400): Saturn, Turdagp8y Turda Favorit, Turda 201, Oana, Ciclon, lleana
Neptun, Milcov, Olimp, Oituz;

- Early hybrids (FAO 200-300): Elan, Turda 200yda SU-182, Turda-Mold 188;

- Very early hybrids (FAO 100-200): Sv 108, Mama, Bucovina, Nordic, Milenium, Turda 165.

Of the 21 maize hybrids experienced, most (nineibdgh were created at the Agricultural Researah an
Development Station (ARDS) Turda: Saturn, Turdaedupurda Favorit, Turda 201, Elan, Turda 200, &urd
SU-182, Turda-Mold 188, Turda 165; 6 hybrids areations of National Agricultural Research and
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Development Institute (NARDI) Fundulea: Ciclon, die, Neptun, Milcov, Olimp, Oituz; 5 hybrids are
created by ARDS Suceava and a hybrid created by@\RBdu-lloaie.

The field trials were located at ARDS Turda in tedd of maize breeding laboratory, on a cambic
chernozem soil, typical for Transylvanian Plain.

Culture densities were assured for specific graafpisybrids maturity: 70,000 plants/ha (FAO 100-300)
60,000 plants/ha (FAO 300-400). Nitrogen and Hlieet were applied at the rate of 80 kg/ha atsbeing
data. The precursory plant was winter wheat.

At each of the 21 hybrids released in the "Offidiatalogue of varieties of crop plants in Romania i
2005" was studied the interaction with specific iemwmental conditions on the three years of
experimentation at ARDS Turda of following charaistiics: capacity of production, thousand of grains
weight (1000-weight), volumetric weight (VW), theogportion of grains per ear, the growing season
expressed as a percentage of the grain moisturaraést, percentage of plants broken at harvesgeaid
composition in starch, fat and protein.

At least six plants in each experimental plot weitepollinated by pollen from the same plot to avoi
xenia effects. Approximatefjve hand-pollinated ears per row were harvestéidy physiological maturity,
and bulkedfor chemical analysis, i.e. protein, fat, starber, and ash. In addition, 50 grains from the
middle of each plot were removed and used for m@ssumoisture concentration. For each plot, a
representative0 g sample of the grain was ground, and the carat@mof starch, protein, oil, fiber and ash
in the ground (flour) sample was determingith a Dickey-John Instalab 600 near-infrared mface
analyzer, after curve calibration.

Climatic conditions between May and September dutire three years of experimentation (2003-2005)
were quite different. The year 2004 was the mosbrizble due to a surplus of precipitation and tenafoee
regime in June - August. Years 2003 and 2005 haen tess favorable for maize crop due to the rhinfa
deficit during April-June and excess heat in 2008 a rainfall surplus and heat deficit in June-Asigin
2005.

The data interpretation was performed by variamadysis with one factor and / or two factors (Sacle
and Saulescu, 1966), and the calculation of caefftocof variability (CV) and simple correlation dbeient
(r) by Ceapoiu (1968).

RESULTS AND DISCUSSION
1. Study of production capacity and some components of production
Analysis of the significance (Table 1) reveals fliesence of significant differences within eachtef

distinct characteristics studied as a result ofyedexperimental variability and hybrids studied.
Table 1. ANOVA for grain yield and some yield component2dfmaize hybrids in three years at ARDS

Turda
Grain yield Percentage Thousand Volumetric Grain
(U=15.5%) of grains /ear of grains weight moisture at
Source | DF weight (VW) harvest
kg/ha % g kg/hl %
s2 s2 s2 SZ sP
Total 62
Years 2 47366926 **  8.68 2983( *r 4699 ™ 433]0**
Hybrids | 20 2157010, **| 10.65 ** 2158 *x 23.6 ¥ 143 *
Error 40 283418 4.22 274.6 3.7 4.9

LSD 0.05 and 0.01

As a result of environmental factors fluctuatiorrhwas a large variability from one year to angtheth
grain yield and some components of yield (Tabla@ kig.1).

Grain yield and some components of grain yield Hasen different due to the close relationship wlith
growing season. Hybrids with a longer growing sea$or our region) (FAO 300-400) have achieved kigh
levels of production, compared to hybrids with arshgrowing season. To this group of hybrids, for
achieving grain yield contributed favorable: 1008ight, yield and a better resistance to brokenaatdst,
but grain moisture at harvest was higher.

Notably, the grain yield of early hybrids is clasethat of the mid early hybrids, but with similagrain
moisture at harvest to extra early hybrids. Witingicantly higher grain yield than general mean avith a
good resistance to broken, are being distinguidhaatest following hybrids: Milcov (80.8 g/ha, 1.2%nd
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Oituz (79.4 g/ha) of group FAO 300-400 and TurdaldtB88 (79.4 g/ha, 1.4%) and Turda SU-182 (78.1 q /
ha) of the FAO group 200-300.

Table 2. Variation of mean grain yield and for some compuas®f production maize hybrids,
experimented at ARDS Turda, 2003-2005

Grain yield 1000- VW % of Grain Broken
Hybrid weight grains/ ear| moisture at| plants at
No. harvest | harvest
g/ha g kg/hl % % %
Mid early hybrids (FAO 300 — 400)
1. Saturn 70.2 327 69.3 80 23.9 0
2. Turda Super 71.9 351 68.1 82 22.0 2.1
3. Turda Favorit 75.2 322 69.2 79 24.7 19
4, Turda 201 73.0 330 67.9 81 22.1 1.0
5. Oana 74.6 334 68.9 79 22.4 2.3
6. Ciclon 58.7 287 67.6 80 19.9 5.2
7. lleana 73.9 293 66.1 84 22.2 2.6
8. Neptun 76.9 335 66.6 82 23.2 5.(
9. Milcov 80.8 351 65.1 82 23.1 1.2
10. Olimp 77.5 360 68.1 79 24.7 2.0
11. Oituz 79.4 323 67.5 82 24.1 3.0
Mean 73.8 328 67.7 80.9 22.9 2.4
Early hybrids (FAO 200 — 300)
12. Elan 67.8 308 725 83 19.8 6.7
13. Turda 200 64.9 331 67.6 77 19.9 9.8
14, Turda SU-182 78.1 294 67.8 81 19.5 3.0
15.| Turda-Mold 188 79.4 270 69.4 79 18.6 1.4
Mean 72.6 301 69.3 80.0 194 5.1
Very early hybrids (FAO 100-200)
16. Sv 108 60.4 315 71.9 78 19.9 191
17. Montana 51.1 270 75.3 77 18.0 13.9
18. Bucovina 59.1 271 745 79 18.5 13.2
19. Nordic 60.6 320| 735 79 18.9 8.1
20. Milenium 60.9 292 72.3 79 19.9 2.7
21. Turda 165 69.3 315 69.7 79 19.8 3.4
Mean 60.2 297 71.9 78.5 19.2 1041
General mean 69.7 314 69.5 80.0 21.2 5.1
LSD 5% 8.8 27 3.2 3 3.7 1.4
CV % 22.3 13.6 7.2 3.2 22.0 66.2

As shown in Table 2, the lowest mean grain yield wecorded at extra early hybrids (60.2 q / ha), bu
with the lowest grain moisture at harvest (19.2%).
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Fig. 1 - Average yield of 21 maize hybrids tested in ¢hyears at ARDS Turda
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The analysis of some components of grain yielcdbseoved that among the 21 corn hybrids analyzed is
variability of grains on the ear (CV=3.2%), for IB@&eight and volumetric weight (VW) variability is
relatively low (13.6% and 7.2%). Two of the hybridere observed with a significantly higher percgataf
grains/ear: lleana (84%) and Elan (83%). Regarthiegl000-weight only three hybrids is above theegain
mean: Olimp (360g), Turda Super (351g) and Milc881(g). Although volumetric weight presents a low
variability (CV = 7.2%), four hybrids are charaéted by significantly higher values than mean: Mo
(75.3 kg/hl), Bucovina (74.5 kg/hl), Nordic (73.9/kl) and Elan (72.5 kg/hl). Notice that all fouybnids
with dent type of the grain were characterized igjhér volumetric weight (VW).

Hybrids Milcov was noted for more favorable chaesstas: grain yield (80.8 q / ha), 1000-weight 351
percentage of grain/ear (82%) and plant resistamdegoken (1.2%), the hybrid was also noted inpghper
published by SARCA et al. (2007). Among the earipiids, the hybrid Turda Mold-188 hold several
characters favorable: high grain yield (79.4 q), kav grain moisture at harvest (18.6%) and gagxistance
of plants to broken (1.4%).

2. Study of grain content in: starch, fat and protein

Analysis of variance significance (Table 3) reveis presence of significant or distinct differesde
each of the components of the grain content assaltref experimental years and/or hybrids studied
variability, except for differences between hybridshe protein content of grain.

Table 3. ANOVA for grain quality components of 21 maize higs in three years at ARDS Turda

Starch Fat Protein
Source DF % % %
g Semnif. é Semnif. é Semnif.
Total 62
Years 2 6.55 * 3.73 *x 2.78 *
Hybrids 20 4.41 *x 0.33 *x 0.69
Error 40 1.65 0.1( 0.70

LSD 0.05 and 0.01
Year 2004 was characterized by a rainfall and teatpee surplus during the growing season, favorable
conditions for accumulation of starch grains (TableThe rainfall deficit and excess heat in 20@present
favourable condition for high grain protein and ¢antent, as emphasized by other authors: SLUSANSCH
(1957), GRECU and LEGMAN (1994), HEGY!I et al. (2008
Table 4. The variation of grain content in: starch, fatlgmoteinof 21 maize hybrids
in three years at ARDS Turda

No. The grains composition:
Hybrid Grain type starch | fat | protein
%
0 1 2 3 | 4 | 5
Mid early hybrids (FAO 300 — 400)

1. Saturn Dentat 66.6 4.2 12.7
2. Turda Super Dentat 69.2 3.9 12.2

3. Turda Favorit Dentat 70.1 4.0 12.3

4. Turda 201 Dentat 68.8 4.2 12.7
5. Oana Indurat 67.4 4.6 11.7

6. Ciclon Dentat 67.9 4.1 12.6
7. lleana Dentat 69.8 3.8 12.1
8. Neptun Dentat 68.9 3.8 12.5
9. Milcov Dentat 69.8 3.7 12.5
10. Olimp Semiindurat 70.1 3.7 12.5
11. Oituz Dentat 69.9 3.7 12.4

Mean 69.0 4.0 12.4
Early Hybrids (FAO 200 — 300)
12. Elan Semi-dentat 68.9 4.0 12.0
13. Turda 200 Dentat 66.7 4.6 12.3
14. Turda SU-182 Dentat 69.9 4.1 11.6
15. Turda-Mold 188 Dentat 69.4 4.5 115
Mean 68.7 4.3 11.9
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0 | 1 | 2 | 3 | 4 | 5
Very early hybrids (FAO 100-200)
16. Sv 108 Indurat 68.5 4.2 11.8
17. Montana Indurat 68.3 4.7 11.0
18. Bucovina Indurat 67.8 4.2 12.8
19. Nordic Indurat 67.1 4.4 12.1
20. Milenium Indurat 66.5 4.7 12.5
21. Turda 165 Dentat 69.3 4.3 11.5
Mean 67.9 4.4 12.0
Mean /years
2003 68.3 4.4 12.6
2004 69.3 3.7 12.0
2005 68.3 4.4 11.9
General mean 68.6 4.2 12.2
LSD 5% 2.1 0.1 1.4
CV % 24 12.9 7.2

In relation with the growing season, the increasediency of the mean content of starch and a demilea
tendency of fat content in the later hybrids (+1.&fdrch) (respectively -0.4% fat) to very early hgb,
similar results were observed by Sarca et al. (RA9&gyi et al. (2008).

Starch content (Table 4) showed amplitudes betv@@eb% at Milenium and 70.1% at Turda Favorit and
Olimp. Among the three groups of hybrids the higlstarch content was performed in six of the 11 eddy
hybrids: Turda Favorit (70.1%), Olimp (70.1%), Qit{69.9%), lleana (69.8%), Milcov (69.8%), Turdgp8u
(69.2%). Among the early hybrids are distinguistdthe starch grain content over 69.0% the follgwin
hybrids: Turda SU-182 (69.9%) and Turda-Mold 188.466) and only one very early hybrid Turda 165
(69.3%), the starch content exceeds the hybridgpgneean.

Variability (CV%) in starch grain content is considd to be very low of 2.4%. Most of the early hgbr
were created based on germplasm from flint conixad@d are characterized by a grain yield with & lo
content in starch and higher in protein and fat.

Fat grain content (Table 4) presented a mid vditaiCV = 12.9%). Amplitude of fat percentage was
reduced for the 21 hybrids studied, between 3.78064a%%. The following hybrids were noted by higlédr
grain content, above mean: Montana (4.7%), Milen{dri%), Oana (4.6%), Turda 200 (4.6%), Turda-Mold
188 (4.5%). The hybrid Turda 200 should be noted iththe only hybrid with dent type of grain andigh
quantity of fat and protein and low in starch.

The content in protein (Table 4) had relatively lealues, amplitude ranging between 11.0% at Montana
hybrid and 12.8% at Bucovina hybrid. Mid early hglsrare noted the highest values of protein graimtent
(12.4%) compared with percentages recorded at dghyids 11.9% and 12.0% at very early hybrids.e Th
protein grain content variability was medium, deteing the value of CV = 7.2%.

3. The study of correlations between grain yield and quality grain content

Relations between grain yield, components and tyuafigrain yield are presented in Table 5. Between
chemical composition and grain yield componentsstatistically significant relationships.
Table 5. Simple correlation coefficients among the gra#ld; yield components
and grain quality traits of maize hybrids (n = 63)

Starch Fat Protein|Grain yield |1000weight] AW
% % % g/ha g ka/hl
Starch % 1.0Q
Fat % -0.56*** 1.00
Protein % -0.50*** -0.04 1.00
Grain yield g/ha 0.49%** -0.64%+* -0.03 1.00
1000-weight g 0.30** -0.65*** -0.03 0.63*** 1.0Q
(VW)  kg/hl -0.26** 0.42%*+* 0.12 -0.27%  -0.57*** 1.00
Grain moisture % 0.34** -0.58*** -0.11 0.36** 0.71%=*|  -0.81**
*r-P5%=0.25 P 1%=0.33; P0.1% = 0.41

In the case of the 21 hybrids analyzed are sigmificorrelations between the following characters:
- Starch content is significantly positively correldtwith grain yield (0.49***), 1000-weight (0.30%"
and grain moisture at harvest (0.34 **);
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- Grain content in fat is positively correlated withlumetric weight (VW) (0.42 ***);

- Emphasize the existence of significant negativelyetation between fat content and grain yield
(-0.64***), and between 1000-weight (-0.65***) amgglain moisture (-0.58***).

- Starch grain content is negatively correlated vtk oil grain content (-0.56***) and protein (-
0.50***), and also with the volumetric weight (-&%); similarly results were obtained by
Fabijanac et al. (2006), Hegyi et al. (2008), Idigtal. (2009).

It can be concluded, based on experimental dada thie choice of find some maize genotypes witth hig
grain yield and all quality grain content with heghvalues is very difficult; therefore it is recorantded to
choose genotypes that simultaneously achieve adrigih yield with one of quality grain content aglrer
level.

CONCLUSIONS

Genotypes (hybrids) studied and years of experiatiom determined variability in chemical grain
composition.

Hybrids with flint grain type presented a shorteswging season and a high content in fat and prptmin
grain yield has been significantly reduced due lmvarate of carbohydrates (starch) accumulation.

Hybrids with dent grain type showed generally aglemgrowing season and an intense accumulation of
starch, but fat and protein content in grain was lo

Between the starch grain content and grain yield @apositive correlation. Between fat and protein
content and grain yield was a negative correlation.

RECOMMENDATIONS

For selection of genotypes with a higher starchdpeation it's necessary to combine some components o
grain yield (grain yield, 1000-weight, percentaggmins/ear).

It is difficult to create maize hybrids with highain yield and high fat grain content, becauseng¢sded
to be broken some negative correlations betweemriih content and grain yield, and 1000-weightl an
yield.

Characterization of maize hybrids for their gradesitent in: starch, fat and protein, should beiedrout
after testing them in different environmental caiatis (years, locations).
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