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Introduction

Investigations performed with maize seedlings grown in a growth chamber
have shown that under chilling conditions (0-10°C) abscisic acid (ABA) accumu-
lates in maize secdlings. This accumulation has been found to be faster and grea-
ter in chilling tolecrant genotypes than in sensitive ones [CAPELL, DORFFLING 1993;
JANOWIAK, DORFFLING 1996]. On the basis of these results the hypothesis was dc-
veloped that chilling tolerance (CT) in maize is related to the ability for fast and
pronounced formation and accumulation of ABA as a protective agent against
chilling injury. This hypothesis has been controversially discussed and reinvesti-
gated in recent literature [RISTIC et al. 1998; JANOWIAK et al. 2002]. The aim of the
presented research was to test this hypothesis during natural cold weather pe-
riods under field conditions at two sites differing in climatic conditions: Cracow
and Hamburg.

Material and methods
Plant material and growth conditions

The investigations were performed with two chilling tolerant (1’7, Z7) and
two sensitive (Col51, Penjalinan) maize inbreds. The experiments were carried
out under field conditions at itwo sites differing in climatic conditions: Cracow
(more continental climate) and Hamburg (maritime climate). Seeds were sown at
an carly sowing time in pots and exposed to natural conditions.
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Measurements of ABA level and water content

At the third leaf stage of seedlings, ABA content in the middle part of the
third leaf was measured by enzyme linked immunosorbent assay (ELISA), ac-
cording to the protocol of WALKER-SIMMONS [1987]. Additionally, the water con-
tent of the third leaf and of the whole upper part of seedlings werc detecrmined.
These measurements were performed during normal spring conditions (control)
as well as during (or directly after) cold (2-8°C) weather periods lasting a few
days, or after chilling trecatment of field-grown scedlings in a growth room at

4°C.

Statistical evaluation

A fully randomised experimental design was used. The data are mean va-
lues of at least nine replicates. Least statistical differences (LSD) were calculated
at the level of error probability 5% (p 0.05) and are presented in the figures.

Results and conclusions

Chilling treatment of field-grown plants induced accumulation of ABA in
tolerant inbreds (F7, Z7) already during the first treatment day (Fig. 1). In the
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Fig. 1. Abscisic acid (ABA) content during chilling trcatment at 5°C of ficld-grown
maize seedlings of two chilling sensitive inbred lines (8) and two tolerant ones
(1). Field experiment in Iamburg

Rys. 1. Poziom kwasu abscysynowego (ABA) podczas chlodzenia w 5°C u wyhodowa-
nych w warunkach polowych siewek dwoch wrazliwych (8) i dwdceh odpornych
(1) linii wsobnych kukurydzy. Fksperyment polowy w Hamburgu. Insct poka-
zuje §redni poziom ABA dla odpornych i wrazliwych linii wsobnych kukurydzy
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Fig. 2. Leaf ABA content in seedlings of two chilling sensitive (S) and two tolerant

(T) maize inbred lines after long chill wave under field conditions. Field ex-
periment in Cracow. ABA measurements were made after 10 days of chilling
period (6/12°C day/night)

Rys. 2. Poziom ABA w lifciach siewek dwoch wrazliwych na chiéd (S) oraz dwoch
odpornych (T) linii wsobnych kukurydzy podczas dhugich okreséw chiodu w
warunkach polowych. Eksperyment polowy w Krakowie. Pomiary ABA wyko-
nano po 10 dniach chlodu (6/12°C dziefi/ noc). Inset pokazuje $redni poziom
ABA dla odpornych 1 wrazliwych linii wsobnych kukurydzy

sensitive inbreds (Co 151, Penjalinan) a transient decrease in ABA level during
the first treatment day was observed. Further chilling of seedlings caused ABA
accumulation in all inbreds investigated. The ABA accumulation up to the 3rd
day of treatment was significantly higher in the tolerant inbreds than in the sen-
sitive ones (Fig. 1, inset). During a long-term exposure of maize secdlings to chill
waves under field conditions, a higher ABA level in the tolerant genotypes than
in the scnsitive ones was observed (Fig. 2). There was no relationship between
ABA level and chilling-induced water deficit under field conditions because the
tolerant genotypes showed a higher water content than the sensitive ones (Fig.
3). Accumulation of ABA in maize seedlings under field conditions during natu-
rally occurring chill waves in both experimental sites confirms earlier studies per-
formed under growth room conditions about the importance of ABA accumula-
tion during chilling exposure for CT' in maize. Additionally, the results indicate
that the ABA accumulation induced by low temperature is not directly related 1o
chilling-induced water deficit.
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Fig. 3. Water content of the third leaf in seedlings of two chilling sensitive (S) and

two tolerant (T) maize inbred lines after long chill wave under ficld condi-
tions. Field experiment in Cracow. Measurements were made after 10 days of
chilling period (6/12°C day/night)

Rys. 3. Zawarto$é wody w trzecim lisciu siewek dwodch wrazliwych na chiéd (S) oraz
dwdceh odpornych (T) linii wsobnych kukurydzy podczas dhugich okresow chio-
du w warunkach polowych. Eksperyment polowy w Krakowie. Pomiary wyko-
nano po 10 dniach chiodu (6/12°C dzieri/ noc). Insct pokazuje Srednig zawar-
to$é wody dla odpornych i1 wrazliwych linii wsobnych kukurydzy
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Summary

Laboratory studies have showed higher ABA accumulation in seedlings of
the chilling tolerant genotypes than in the sensitive ones during low temperature
exposure. On the basis of these results the hypothesis was developed that chilling
tolerance (CT) in maize is related to the ability for fast and pronounced forma-
tion and accumulation of ABA as a protective agent against chilling injury. Pre-
sented in the paper measurements of ABA levels in maize seedlings under com-
plex field conditions during natural spring cold waves at two sites of Europe con-
firmed the results from growth rooms. The chilling tolerant maize lines accumu-
lated under field conditions more ABA than the sensitive ones during spring
cold periods. Moreover, the data from field conditions show that the ABA accu-
mulation induced by low temperature is not directly related to chilling-induced
water deficit.
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Stowa kluczowe: odporno$¢ na chléd, kukurydza, kwas abscysynowy
Streszczenie

Badania w warunkach komér wzrostowych wykazaly wyzsza akumulacje
kwasu abscysynowego (ABA) w warunkach chtodu u siewek genotypéw kukury-
dzy odpornych na chiéd w poréwnaniu z wrazliwymi. Na podstawie tych' wynikéw
postawiono hipotezg, ze odpornos¢ na chtéd u siewek kukurydzy powigzana jest
ze zdolnodcig do szybkiej syntezy i akumulacji ABA jako czynnika ochronnego
przeciw uszkodzeniu roSlin chlodem. Prezentowane w niniejszej pracy pomiary
poziomu ABA u siewek kukurydzy w warunkach polowych podczas naturalnych
okreséw zimna, wczesng wiosng, w dwoch stanowiskach Europy potwierdzajg wy-
niki otrzymane w komorach wzrostowych. Podczas wiosennych okreséw chiodu
linie odporne na chiéd akumulowaly w warunkach polowych istotnie wigcej ABA
niz wrazliwe. Ponadto, dane z badan polowych wykazuja, ze poziom akumulacji
ABA w warunkach chiodu jest niezalezny od indukowanego chlodem deficytu
wody u roslin.
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