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Abstract

In this investigation used three maize hybrids that are belongs to different group of ripening:
FAO 3, FAO 4 and FAO 6. The seed of those hybrids used for investigation of genotypic
divergences for seed germination, energy of germination, content of abnormal emergence of
seeds, content of dead seeds. Hybrid seed for analysis produced on the experimental field of
the Institute of Maize in Zemun Polje, Belgrade. The viability of the maize hybrids seeds were
determined in experimental analysis carried out in laboratory for quality of seed in the Maize
Research Institute Zemun Polje, Belgrade. According to standard method on filter paper were
estimated the values of seed germination. The three experiment of seed germination carried
out: 2 months after harvest, 9 months after harvest and 18 months after harvest. In average
for each test the highest percentage of seed germination were found for hybrid ZP FAO3:
92.75% for seed after 2 months of harvest, 92.00% for seed 9 monhts after harvest and
91.50% for seeds after 18 months of harvest. This hybrid had the lowest percentage of
ungerminated seeds (2.75%) and the least content of dead seed (~5.00%). The lowest value of
seed germination (86.33%) and the highest values of ungerminated seed (~3.00%) as well the
highest content of dead seed (10.33%) had hybrid belongs FAO 4 group. The obtained results
indicate differences of germination in analyzed maize genotypes.

Key words: seed, germination, percentage, hybrid, maize

Introduction
Value of seed germination is very important trait of genotypes and represent initial stage of
plant development. The plant species potential for reproduction is determined with seed
germination. Genetic potential for seed germination is different among cultivars and hybrids
and expresed in interaction with environmental conditions. The process of seed germination
require available water which is need for activating enzyme system and initiating growth and
development of seedlings (ISTA 2010). Seed germination is the most important trait of
quality and life cycle of seeds, depends of genotypes and environments, which determine
efficiency of plant growth (Milosevi¢ and MaleSevi¢, 2004). In the aim to establish value of
seed germination, developed different methodes for analysis of seed germination of different
plant species as well as for maize (Milosevic et al., 1994). The identification of quality of seed
contribute to undestand its importance for economy. International seed trade represents one of
the basic indicators of an economic status of a country. Seed production is among the most
profitable activities in the field of agriculture, considering relation of areas under commercial
seed production and high financial effect (Knezevi¢ et al., 2006). Methods for germination of
maize seeds on filter paper and sand represent standard test under optimal humidity of
supstrate, as well temperature and humidity of the environment. This methods used filter
paper is very short and efficient for establishing of seed germintion. The standard test of
germination healthy and unharmefull seeds under favorable laboratory condition give us
useful information about seed germination capacity (MiloSevi¢ et al., 2007). However,
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standard tests, often do not show realistic behavior of the seed under field conditions are still
used. In the case of high doses of treatment by pesticides can use larger fraction of seeds for
testing in sand. In purpose to establish seed germination for planting in cold field conditions
used different type of vigor tests. Germination percentage of seeds in laboratory will give
information that seeds can planted in field conditions and develop into normal plants. The
growing of maize hybrids in different environment can be associated with variations in seed
germination ability under the influence of environmental limiting factors as well soil fertility,
climate (Kovacevi¢ et al., 2011; Ranieri et al., 2012). Several ecological and evolutionary
factors can affect the process of seed germination, as well seed size which have an important
evolutionary effects on plant reproduction of many plant species (Moles et al., 2006), and
have influence to germination time, germination percentage and seedling vigor (Yanlong et
al., 2007).
The aim of this work is study of variability of seed germination hybrids belongs to different
maturity group and established differences of percentages of germinated seeds in laboratory
conditions.

Material and Methods
The three maize hybrids, originated from Institute of maize Zemun Polje, Serbia (ZP-FAO 3.
ZP-FAO 4 and ZP-FAO 6) were utilized for investigation. Four replicates of hundred seeds
of each hybrids were used in laboratory tests. The standard germination test was conducted in
rolled paper towels placed in germinator at 20°C (16 hours) and then at 30°C (8 hours)
according to the rules of the International Seed Testing Association (2010). The germinator
was set to provide light during the high-temperature cycle (8 hours) and to remain dark during
the low-temperature cycle (16 hours). An initial count of germination percentage was 5" day
and a final count 7™ day after beginning of germination test.
For data analysis was taken Kruskall-Wallis's test, which is a non-parametric alternative one
way of analysis of variance with different patterns. Results are converted into ranks, and
comparing the middle ranks of each group. Statistical analysis was performed using the "R
programming language" (The R Project for Statistical Computing, version 3.1.3) (R
Development Core Team, 2015).

Results and Discussion

In this investigation obtained results showed variability of seed germination in laboratory
conditions depends on hybrids and different length of storage time after harvest. The lowest
value (86.10%) of seed germination energy, in average had the hybrid ZP FAO 4 and the
highest germination energy (91.60%) had hybrid ZP FAO 3. Also in all test of grmination,
the highest seed germination energy had ZP FAO 3 in test of two months after harvest -
92.25%, nine months after harvest-91.50% and 18 months after harvest 91.25%. The lowest
energy of seed germination had hybrid ZP FAO 4, in test at two months after harvest -
86.75%, nine months after harvest-85.00% and 18 months after harvest 86.50%. Seed
germination energy of hybrid ZP FAO 6 was in test at two months after harvest -86.50%,
nine months after harvest-91.00% and 18 months after harvest 91.50% (table 1).

Table 1. Percentage of seed germination energy and percentage of seed germination

Seed germination energy % Average | Value of seed germination % after | Average
after harvest % harvest %
Hybrid 2-months | 9-months | 18-months 2-months | 9-months | 18-months
ZP FAO 3 92.25 91.50 91.25 91.60 92.75 92.0 91.50 92.08
ZP FAO 4 86.75 85.00 86.50 86.10 87.50 85.75 87.25 86.33
ZP FAO 6 86.50 91.00 91.50 89.66 93.25 91.75 90.25 91.75
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The lowest value of seed germination (86.33%), in average had the hybrid ZP FAO4 and the
highest value of germination (92.08%) had hybrid ZP FAQO3. Also in all test of grmination,
the highest percentage of seed germination had ZP FAQO3, two months after harvest -92.75%,
nine months after harvest-92.0% and 18 months after harvest 91.50%. The lowest seed
germination had hybrid ZP FAOA4, in test at two months after harvest -87.50%, nine months
after harvest-85.75% and 18 months after harvest 87.25%. Seed germination energy of hybrid
ZP FAOG6 was in test at two months after harvest -93.25%, nine months after harvest-91.75%
and 18 months after harvest 90.25% (table 1, picture 1.).

Data about differences between maize hybrids for seed germination reported in investigation
of other genotypes (MiloSevic¢ et al. 1994) depends of endosperm of seeds (Paji¢ et al., 1998)
and in different environmental conditions (Meeks et al., 2013).
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Picture 1. Test of seed germination in maize hybrids

Table 2. Content of abnormal seeds and dead seeds of maize ZP hybrids

Abnormal seed germination (%) Average | Dead seed at germination % after | Average
after harvest harvest
Hybrid 2-months | 9-months | 18-months 2-months | 9-months | 18-months
ZP FAO 3 2.75 2.75 2.75 2.75 4.50 5.25 5.25 5.00
ZP FAO 4 3.75 3.50 1.75 3.00 9.00 11.0 11.0 10.33
ZP FAO 6 2.25 2.25 2.75 2.75 4.50 6.00 7.00 5.82

During the analysis of seed germination, abnormal germination of seed occured, and dead
seed (picture 2). The value of abnormal seed germination was similar for the investigated
maize hybrids, approximately 3% (table 2) However, the lowest percentage of dead seed had
hybrid ZP FAO3 (5.00%) and ZP FAOG (5.82%), while the highest content of dead seed had
hybrid ZP FAO4 (10.33%) table 2.

The results of seed germination obtained by using standard method in the filter paper showed
that the values obtained in three term after harvest are very few deviate for one hybrids, but
there was differences between values obtained in the same test term after harvest for each
analyzed hybrid of maize. For seed energy of germination and germination of seed were
found differences between analyzed maize hybrids. The obtained values of y* =1.96 for
germination energy of seeds is with probability 0.5499 (figure 1), while for percentage of seed
germination influence of genotype for computed y? =0.11 is with probability 0.9465 (figure
2). On the base of obtained values of probability on the level of >0.05 differences between
genotypes are not significnt.
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Influence of hybrid to energy of germination
Influence of hybrid to germination of seed
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Figure 1. Effect of hybrids to germination energy Figure 2. Influence of hybrids to germination

Influence of hybrid to abnormal germinated seed Influence of hybrid on percentage of dead seed
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Figure 3. Effect of hybrids to occurence of Figure 4. Influence of hybrids to occurence of

abnormal seed germination dead seed

The differences between hybrids were not significant for occurence abnormal seed
germination have probability 0.8489 for obtained values of y* =03276 (figure 3) and for dead
seed obtained values of % =0.11 was with probability 0.888 (figure 4).

Table 3. Kruskal-Wallis test for effect of seed storage time on traits of seed test germination in maize
hybrids

Trait v |DF| p Trait ¥ |DF| p
Energy of germination 0,5888 | 2 | 0,745 | Abnormal seeds | 0,0378 |2 | 0,9813
Percentage of | 03464 | 2 | 0841 |Dead seed 041212 |08138
germlnatlon

¥*-Chi square; DF-degree of freedom; p-probability

The estimation of influence of different length of storage time after harvest on energy of seed
germination, percentage of germination, content of abnormal germination of seeds and dead
seeds presented in table 3. The obtained values of probability at level >0.05 for those traits
indicate that included periods of storage seed after harvest do not have significant influence
on seed germination. Storage time did not affect the values of seed germination, indicating
that the seed is vital and that storage conditions were appropriate.

Conclusion

In this study were found differences among hybrids for seed germination energy, seed
germination, occurence of abnormal seed germination and dead seed. In average the highest
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germination energy (91.60%) and germination of seed (92.08%) had ZP FAOS3, and the
lowest germination energy-86.10%, and germination-86.33% had maize hybrid ZP FAOA4.
The occurence of abnormal seed germination was the lowest (2.75%) in hybrid ZP FAOS3.
The lowest content of dead seed established in ZP FAO3 (5.00%) and the highest in ZP FAO4
(10.33%). Included length of storage time after harvest of seed did not have significant
influence on expressed differences of seed germination which were stored in appropriate
conditions. Germination testing in the laboratory is done under very favorable, controlled
conditions (humidity, temperature, light). Such results can be a good indicator of seed
germination in field conditions where they are usually unfavorable factors as temperature and
humidity, the structure of soil and soil pests.
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