
 

 

 Acta Sci. Pol., Agricultura 8(2) 2009, 21-30 
 
 
EVALUATION OF MAIZE SEED SOWING VALUE  
IN TWO YEARS’ STORAGE PERIOD WITH WARM,  
COLD AND FIELD TESTS 
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Abstract. Seed germination capacity of 15 commercial maize hybrids, bought in 2000 
which had been stored in two-year period, and tested in 2000-2002 at Poznan University 
of Life Sciences. Three types of tests have been applied: warm, cold and field emergency. 
Lower values were obtained in the cold test compared with the warm and field ones. 
Germination capacity of 14 out of 15 hybrids evaluated in the cold test was higher next 
year after purchase, but after another year dropped to the beginning value. Such trend was 
not observed in the other tests. Seed germination in field conditions in each year was 
more positively correlated with results of the warm test than of the cold one. 
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INTRODUCTION 

The maize seed market is a difficult branch of agriculture in terms of efficient 
planning. As a direct consequence of the development in plant genetics and cultivation, 
every year breeding companies submit anywhere between a dozen and several dozen 
new, better hybrids in all maturity groups for registration procedures conducted in  
a number of European countries. When combined with the intensive marketing of new 
hybrids, this means that the lifecycle of a cultivar is ever shorter. Frequently, a cultivar 
which is selling very well one year is less popular in the following year, which reduces 
the predictability of the seed market in Poland, as well as around the world. Companies 
are often forced to store the unsold seeds in their warehouses, and thus the pre-treated, 
pre-packed sowing material must be stored for a year, or even longer. It also happens 
that, for a number of reasons, farmers themselves must store their seeds until the 
following year.  

                                                 
Corresponding author – Adres do korespondencji: prof. dr hab. Hanna Sulewska, Department of 
Soil and Plant Cultivation of Poznan University of Life Sciences,1Mazowiecka 45/46,  
60-623 Pozna�, e-mail: sulewska@up.poznan.pl 



H. Sulewska, W. Koziara, K. Panasiewicz, G. Ptaszy�ska  

 
Acta Sci. Pol. 

22

The seed constitutes the main vector of plant propagation and it is a critical 
development stage with many specificities [Raja and Debeaujon 2008]. The reason for 
the loss of germination capacity, according to a number of authors, is the reduction in 
the biological value due to the ageing process [Grzesiuk and Kulka 1988, Górski 1995, 
Zalewski et al. 1997, Górecki et al. 1998]. The authors attribute the speed of the 
reaction to factors such as seed vigour, chemical composition, condition of the seed 
shell, structure of the nucleic acids and proteins, as well as the environmental factors 
during maturation and storage. The factors affecting seed longevity following harvest 
include: water content in the seed, air humidity, temperature, chemical composition of 
the atmosphere, and also microflora inhabiting caryopses. Gabi�ska et al. [1991] and 
Kwiatkowski et al. [1999] report that apart from the above-mentioned factors, the 
reduction in the seed sowing value during storage is significantly influenced by the 
damage caused by combine harvesting, transportation and processing, and afterwards 
seed infection by microflora. 

Commonly used laboratory method to evaluate seed material is germination of seeds 
in room temperature of 20oC. Maize, as a species from warm climate regions, can react 
to temperature drop during germination period by sprout damages. In conditions of cold 
spring, field germination could be lower than in standard laboratory tests. This is the 
reason why many producers evaluate the seed with cold test. Warm test results refer 
only to optimum temperature and moisture conditions.  

Past research on the possibility of storing the sowing material of various plant 
species has indicated their varied response [Grzesiuk and Kulka 1988, Gabi�ska et al. 
1991, Zalewski et al. 1997, Górecki et al. 1998, Górski 1999, Kwiatkowski et al. 1999]. 
So far, there has been little research on the germination capacity of stored maize seed.  

The aim of this work was to evaluate the seed sowing value of 15 maize hybrids 
following 2-year storage in a heated warehouse. Moreover, an attempt has been made to 
answer whether there is a difference in the reactions of different hybrids to storing the 
sowing seeds. 

The experimental hypothesis was that laboratory tests (warm and cold) allow to 
evaluate properly the field germination potential of maize seeds. It was assumed also, 
that the cold test is more precise compared with the warm one, and one or two years 
storing period of seeds treated with standard thiuram treatment do not disqualify the 
ability of seeds to be used.  

MATERIAL AND METHODS 

The experiments were conducted in 2000-2002 at the Department of Soil and Plant 
Cultivation (DSPC) of the Poznan University of Life Sciences. The research involved 
15 Polish and foreign hybrids: 1 – Alarik, 2 – Anjou 207, 3 – Aladin (LG 2253), 4 – LG 
2190, 5 –Argos, 6 – Kosmo, 7 – KLG 2210, 8 – Milpa, 9 – Malta, 10 – LG 2242, 11 – 
Dea, 12 – Mona, 13 – Esslia, 14 – Buran, 15 – Noella. All hybrids had been purchased 
in original packaging. Seed germination capacity was assessed using three types of 
tests: the warm and cold tests were conducted in the Mytron climatic chamber with 
adjustable humidity and temperature levels, whereas the field emergence tests took 
place in the fields run by the DSPC. The sowing material was stored for two years in  
a dry, heated hall, at 18-20oC. Seed material used in the experiment was treated by each 
seed company in the standard way using thiuram. Earlier research [Sulewska et. al 
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2005] has shown that this treatment does not decrease the germination of stored seeds. 
However investigations on wheat [Cornish 1986] showed that seed treatments have 
evident influence on seedling emergence. The experiments were conducted in  
4 repetitions of 50 seeds each. The results are presented as percentages of normally 
germinating seeds. 

Warm test for seed vigour 

 The caryopses were put into the soil originating from a maize field and then rolled 
into tubes; germination took place over 7 days at +25oC.  

Cold test for seed vigour 

 The seeds were put into tubes made of creped cellulose paper with soil originating 
from a maize field. Germination took place initially for 7 days at +10oC, followed by  
6 days at +25oC [Anonym 1, Anonym 2]. 

Field emergence test 

Seeds from each sample were sown 5 cm deep by hand in 4 replicated plots. Every 
year, field tests started in the last ten days of April, on anthropogenic, alluvial soil, 
made up of fine-seeded sands. The number of emerged seedlings at the first leaves stage 
was counted daily until no further seedlings appeared. 

Statistical calculations 

The results have been evaluated by variance analysis for orthogonal and factorial 
experiments in randomized block design [Elandt 1964]. The lowest significant 
differences (LSD) have been calculated by testing of differences to total error at level of 
� = 0.05. 

Moreover, correlation coefficients between germination capacity tests and 
coefficients of variation for tested hybrids were calculated.  

RESULTS AND DISCUSSION  

Warm test 

Germination capacity assessment with the use of warm test brought slightly different 
results, mainly due to the lesser scale of changes observed (Fig. 1, Table 1). In the year 
of purchase, the seeds of respective hybrids germinated at rates ranging from 99.5% 
(Kosmo, Mona, Esslia) to 79.5% (Milpa). After a year in storage, 5 out of 15 tested 
cultivars showed higher germination capacity in the warm test (LG 2242, Alarik, LG 
2190, Argos, Anjou 207) than in the year of purchase. The increase in the percentage of 
sprouting caryopses ranged from 0.5% (Anjou 207) to 13.5% (LG 2242). On the other 
hand, in this test nine cultivars demonstrated a decline in seed germination capacity 
(Kosmo, KLG 2210, Milpa, Esslia, Malta, Noella, Mona, Aladin, Dea). The biggest 
decrease was noted for the hybrid Kosmo (19.5%) and the smallest for Dea (0.5%).  
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Fig. 1. Germination capacity evaluated in „warm test” 
Rys. 1. Zdolno�� kie�kowania oceniana w te�cie ciep�ym 
 
Table 1.  Changes in germination capacity evaluated in „warm test method”, % 
Tabela 1.  Zmiany zdolno�ci kie�kowania oceniane metod� testu ciep�ego, % 
 

Hybrid 
Mieszaniec 

2nd year compared with 1st 
year   

Rok 2. w porównaniu z 1. 

3rd year compared with 1st 
year   

Rok 3. w porównaniu z 1. 

3rd year compared with 2 nd 
year   

Rok 3. w porównaniu z 2. 
Alarik   11.0 e   11.5 d    0.5 b 
Milpa -14.5 ab -19.0 a -4.5 a 
Aladin LG 2253 -1.0 cd -1.5 c -0.5 b 
LG 2190   9.0 e   7.0 d -2.0 ab 
Anjou 207  0.5 cd   2.5 cd   2.0 bc 
Argos  8.0 de   7.5 d -0.5 b 
LG 2242 13.5 e   5.0 cd -8.5 a 
Buran  0.0 cd -4.0 c -4.0 ab 
Kosmo -19.5 a -14.0 ab   5.5 bc 
KLG 2210 -18.0 a -6.5 b  11.5 c 
Malta -3.0 c -4.5 bc  -1.5 ab 
Mona -1.5 cd -12.5 ab -11.0 a 
Noella -2.5 c -9.5 ab -7.0 a 
Dea -0.5 cd -3.0 c -2.5 ab 
Esslia -8.0 bc -5.0 b   3.0 bc 

a, b... – homegenous groups according to Tukey test at � = 0.95 – grupy jednorodne wed�ug testu Tukeya przy  
    � = 0,95 
 

After two years in storage, the seeds of 5 out of 15 cultivars (Alarik, Argos, LG 
2190, LG 2242, Anjou 207) demonstrated higher germination capacity than directly 
after purchase. The increases in germination capability ranged from 11.5% for the 
hybrid Alarik to 2.5% for Anjou 207.  
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Germination capacity exceeding 90.5%, assessed by means of the warm test after  
2 years in storage, was exhibited by the seed of 9 out of 15 evaluated cultivars (Alarik, 
Aladin, LG 2190, Anjou 207, Argos, KLG 2210, Malta, Dea, Esslia). The highest 
germination capacity in this test, in the last year of research, was observed in the seed of 
the cultivar Argos 99%. The seeds of ten hybrids germinated worse after two years of 
storage than in the year of purchase. The decline noted ranged from 1.5% (Aladin) to 
19% (Milpa). 

The seeds of two hybrids demonstrated an increase in germination capacity after 
each successive year in storage (Alarik, Anjou 207). 

Cold test 

Cold test was developed to provide less demanding, yet sufficiently severe test 
conditions to separate seeds on the basis of vigour [ISTA 2006] 

The germination capacity of the sowing material under scrutiny assessed by the cold 
test varied in time. With the majority of cultivars, the drop in sowing value over the 
research period, if any, was slight – less than 6% (Fig. 2, Table 2). There were 
exceptions in the hybrids Noella (-24.0%), Anjou 207 (-12.5%) and KLG 2210  
(-10.0%). Noella and KLG 2210 were hybrids whose seeds annually exhibited  
a successive decline in germination capacity. Other cultivars displayed a bigger or 
smaller increase in sowing value after the first year of storage, ranging from 2% for 
Esslia to 37.4% for Alarik.  

 

 
Fig. 2.  Germination capacity evaluated in „cold test” 
Rys. 2. Zdolno�� kie�kowania oceniana w te�cie „zimnym” 
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Table 2.  Changes in germination capacity evaluated in „cold test method”, % 
Tabela 2. Zmiany zdolno�ci kie�kowania oceniane metod� testu zimnego, % 
 

Hybrid 
Mieszaniec 

2nd year compared with 1st 
year   

Rok 2. w porównaniu z 1. 

3rd year compared with 1st 
year   

Rok 3. w porównaniu z 1. 

3rd year compared with 2 nd 
year   

Rok 3. w porównaniu z 2. 
Alarik  37.4 e   24.4 e -13.0 cde 
Milpa  26.5 d -6.0 bc -32.5 a 
Aladin LG 2253  37.0 e   19.0 de -18.0 bc 
LG 2190  26.5 d   22.0 e -4.5 e 
Anjou 207  22.0 d -12.5 b -34.5 a 
Argos  29.0 de   12.0 d -17.0 bcd 
LG 2242  23.0 d -3.5 bc -26.5 ab 
Buran   8.0 bc   2.0 c -6.0 e 
Kosmo   4.0 bc -5.5 bc -9.5 cde 
KLG 2210 -0.5 b -10.0 bc -9.5 cde 
Malta   9.5 bc -5.0 bc -14.5 cd 
Mona  10.5 c   2.5 cd  -8.0 de 
Noella -12.5 a -24.0 a -11.5 cde 
Dea   11.5 c -0.5 c -12.0 cde 
Esslia   2.0 bc -3.0 bc  -5.0 e 

a, b... – homegenous groups according to Tukey test at � = 0.95 – grupy jednorodne wed�ug testu Tukeya przy  
    � = 0,95 

 
The response observed is not unique; similar results for other species had been 

obtained in the past, e.g. in winter wheat [Górski 1995, Kwiatkowski et al. 1999], 
winter rye [Górski 1999], winter barley [Mazurek and Libort 1990], and maize 
[Sulewska et al. 2005]. On the other hand, the opposite reaction in maize was indicated 
by Sulewska [2001] who, having stored seeds additionally treated with Gaucho FS 350, 
showed that germination capacity assessed with the cold test was significantly lower 
even after just one year of storage, for all tested hybrids. Such reaction should be 
attributed to the application of the additional insecticide. 

In the second year of storage, the seeds of all hybrids demonstrated reduced 
germination capacity in the cold test. The reaction of different hybrids to the second 
year of seed storage was quite varied, with the decline in germination capacity ranging 
from 5% for the cultivar Esslia to 34.5% for Anjou 207.  

After two-year seed storage, germination capacity assessed with the cold test for as 
many as seven hybrids (LG 2190, Dea, Alarik, Esslia, Mona, Argos, Aladin) exceeded 
82%, while for further three cultivars (Buran, Kosmo, Malta) it fell within the range of 
76.5-77.5%. The highest germination capacity after two-year storage period was 
maintained by seeds of the cultivars Dea and LG 2190, reaching respectively 88.0 and 
88.5%.  

Field emergence test  

Germination capacity assessed by means of the field emergence test displayed the 
highest stability over the years for the majority of cultivars. In the year of purchase, the 
highest field emergence was exhibited by seeds of Anjou 207, the seeds of other 
hybrids, apart from Milpa (74%), emerged at 94% and more (Fig. 3, Table 3).  
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Fig. 3.  Field emergence capacity 
Rys. 3. Polowa zdolno�� wschodów 
 
Table 3.  Changes in emergence percent evaluated in field, % 
Tabela 3. Zmiany procentu wschodów ocenianego w warunkach polowych, % 
 

Hybrid 
Mieszaniec 

2nd year compared with 1st 
year   

Rok 2. w porównaniu z 1. 

3rd year compared with 1st 
year   

Rok 3. w porównaniu z 1. 

3rd year compared with 2 nd 
year   

Rok 3. w porównaniu z 2. 
Alarik -1.5 cd -1.0 e 0.5 e 
Milpa -8.5 a -27.0 a -18.5 a 
Aladin LG 2253   1.5 e     0.0 e -1.5 e 
LG 2190 -0.5 d -1.0 e -0.5 e 
Anjou 207 -0.5 d -3.5 de -3.0 de 
Argos    0.0 de -0.5 e -0.5 e 
LG 2242 -1.5 cd 2.0 f 3.5 f 
Buran   1.0 de -7.0 c -8.0 c 
Kosmo -4.0 bc -8.5 c -4.5 d 
KLG 2210 -5.5 b -7.0 c -1.5 e 
Malta -2.5 c -4.0 d -1.5 e 
Mona   1.0 de -2.0 e -3.0 de 
Noella -0.5 d -10.5 b -10.0 b 
Dea -2.5 c -2.5 de 0.0 e 
Esslia -0.5 d -8.0 c -7.5 c 

a, b... – homegenous groups according to Tukey test at � = 0.95 – grupy jednorodne wed�ug testu Tukeya przy  
    � = 0,95 

 
After the first year of storage, the emergence rates ranged from 65.5% for the hybrid 

Milpa to 100% for Aladin, the latter of which exhibited a 1.5% increase in the 
emergence rate compared to the year of purchase. A higher emergence percentage was 
also demonstrated by the seed of Buran and Mona (increase by 1%). 11 out of 15 
hybrids participating in the experiment showed a decline in field emergence, with the 
biggest drop in Milpa (8.5%), and the smallest, amounting to 0.5%, in 4 hybrids (LG 
2190, Anjou 207, Noella, Esslia).  
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After two years in storage, field emergence rates ranged from 47% for the hybrid 
Milpa to 100% for the hybrid LG 2242. The decline in the emergence rates ranged from 
0.5% (LG 2190, Argos) to 18.5% (Milpa). In two cultivars, after the complete storage 
period an increase in field emergence was noted (LG 2242 by 3.5%, Alarik by 0.5%). 
After two years in storage, the seed of 8 cultivars emerged at 96% and more (LG 2242, 
Alarik, Aladin, Argos, Dea, Anjou 207, LG 2190, Mona).  

It must be emphasised that none of the cultivars demonstrated an increase in field 
emergence in both years, while 8 displayed a gradual decline there of after each year in 
storage (Milpa, LG 2190, Anjou 207, Kosmo, KLG 2210, Malta, Noella, Esslia).  

TeKrony and Egli [1977] found laboratory germination tests to correlate well with the 
field emergence of soybean. The results obtained were used to try and find the dependence 
between the laboratory tests and field emergence test. The research proved that the cold 
test was the most severe of the tests conducted, and it was characterised by the highest 
variability. An important consideration in the methodology for assessing maize sowing 
material, as well as in agricultural practice, comes from proving that there is a stronger 
correlation of field emergence with the warm test, rather than the cold test (Table 4).  

 
Table 4. Correlation coefficients between germination capacity tests and coefficients of variation 

(CV) for tested hybrids 
Tabela 4. Wspó�czynniki korelacji pomi	dzy testami zdolno�ci kie�kowania i wspó�czynniki 

zmienno�ci (WZ) dla testowanych miesza�ców 
 

Year – Rok Specification  
Wyszczególnienie 

Warm test 
Test ciep�y 

Cold test 
Test zimny 

CV % 
WZ % 

cold test – test zimny  1 13.7 
warm test – test ciep�y 1     0.7378** 7.4 2000 

Year of purchase 
Rok zakupu field emergence capacity 

polowa zdolno�� wschodów 0.5528* 0.4717 6.7 

cold test – test zimny  1 9.4 
warm test – test ciep�y     0.5549* 10.8 

2001 
After one year storage 
Po jednym roku 
przechowywania 

field emergence capacity 
polowa zdolno�� wschodów   0.8470** 0.3481 9.0 

cold test – test zimny  1 16.1 
warm test – test ciep�y    0.6237* 10.7 

2002  
After two years storage 
Po dwóch latach 
przechowywania 

field emergence capacity 
polowa zdolno�� wschodów   0.9093**   0.6281* 14.2 

Year – Rok Specification  
Wyszczególnienie  Warm test 

Test ciep�y 
CV % 
WZ % 

cold test – test zimny   13.7 
warm test – test ciep�y  1 7.4 2000 

Year of purchase 
Rok zakupu field emergence capacity 

polowa zdolno�� wschodów    0.5528* 6.7 

cold test – test zimny   9.4 
warm test – test ciep�y   10.8 

2001 
After one year storage 
Po jednym roku 
przechowywania 

field emergence capacity 
polowa zdolno�� wschodów      0.8470** 9.0 

cold test – test zimny   16.1 
warm test – test ciep�y   10.7 

2002  
After two years storage 
Po dwóch latach 
przechowywania 

field emergence capacity 
polowa zdolno�� wschodów      0.9093** 14.2 

*  signifficant at � = 0.95 – istotne na poziomie � = 0,95 
**  signifficant at � = 0.99 – istotne na poziomie � = 0,99 
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CONCLUSIONS 

1. In assessing the germination capacity of maize seeds by means of the cold test, 
lower values were achieved than in the warm test and field emergence test.  

2. Germination capacity of seeds in 14 out of 15 tested maize hybrids, assessed with 
the cold test, after one year in storage was higher than in the year of purchase, while 
after another year in storage, it returned to the original level. This trend was not 
observed in the other tests. 

3. Field emergence of maize seed in each research year was more strongly, 
positively correlated with the outcome of the warm test than the cold test. 

4. The results showed that seed sowing value in the first and second year after 
purchase had similar, high value. Sowing of the treated seeds after two years’ storage 
period might be risky. 
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OCENA WARTO�CI SIEWNEJ NASION KUKURYDZY  
W CI�GU DWULETNIEGO OKRESU PRZECHOWYWANIA  
PRZY U�YCIU TESTÓW: ZIMNEGO, CIEP�EGO I POLOWEGO 

Streszczenie. W latach 2000-2002 w Katedrze Uprawy Roli i Ro�lin Uniwersytetu 
Przyrodniczego w Poznaniu oceniano zdolno�� kie�kowania 15 handlowych miesza�ców 
kukurydzy zakupionych w 2000 r. i przechowywanych przez dwa lata. Pos�u�ono si	 
trzema testami: ciep�ym, zimnym oraz polow� ocen� zdolno�ci wschodów. W ocenie 
zdolno�ci kie�kowania ziarna siewnego kukurydzy metod� testu zimnego uzyskano ni�sze 
warto�ci ni� w te�cie ciep�ym i polowym. Zdolno�� kie�kowania ziarna siewnego 14 
spo�ród 15 badanych miesza�ców kukurydzy, oceniana w te�cie zimnym, by�a po roku 
przechowywania wy�sza ni� w roku zakupu, natomiast po kolejnym roku – spada�a do 
poziomu wyj�ciowego. Trendu takiego nie obserwowano w pozosta�ych testach.  
W badaniach wykazano, �e polowa zdolno�� wschodów ziarna kukurydzy w ka�dym roku 
bada� by�a silniej dodatnio skorelowana z wynikami testu ciep�ego ni� zimnego. 

S�owa kluczowe: kukurydza, przechowywanie, test ciep�y, test polowy, test zimny, 
warto�� siewna 
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