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seedlings exposed at 0.5 h and 8 mm for those exposed
at 12 h, compared to 9.2 mm in the control. However, 4
days after exposure to cold shock root length was high-
est in the control (74.2 mm) and significantly reduced in
the seedlings exposed to cold shock with values ranging
from (24.6–40.2 mm).

Table 1 and Plate1 show the effects of cold shock on
germination parameters of the maize plants at 7 days
after germination was initiated (or the 5th day after
plants were exposed to cold shock). The length of prom-
inent root significantly reduced upon exposure to the
cold shock from 141.8 mm to 91.4 mm in those germi-
nants exposed for 1.5 h. The length of the prominent leaf
also was insignificantly reduced from 100.6 mm in the
control plant to between 62.6 and 85.5 mm when ger-
minating seeds were exposed to cold shock irrespective
of the time of exposure. However, exposure of plants to

cold shock did not significantly change the number of
roots per plant in the germinants (6–9 roots per plant,p
> 0.05). Similarly, no significant changes in chlorophyll
content index of the leaves of the germinated seeds were
observed irrespective of exposure to cold shock; chloro-
phyll content index, therefore, ranged from 3.7 to 6.9
CCI. Results also showed that the exposure of maize
plants to cold shock insignificantly changed both dry
weight and wet weight of the germinated seeds as well
as of the developing seedling (Table1).

The results as presented in Fig.4 showed that at 24 h
(or 1 day) after exposure, the germination percentage
was 40% in the control, compared to 26.7–33.33% in the
exposed seeds. Final germination percent was achieved
generally 5 days after exposure except for those seeds
that were exposed in cold shock for more than 3 h.
Figure 5 shows the final germination percent (FGP) of

Fig. 2 Effects of cold shock on plant height of maize germinant (DACS days after exposure to cold shock)

Fig. 3 Effects of a cold shock on root length of maize germinant (DACS days after exposure to cold shock)
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maize seeds at 7 days after exposure to cold shock.
Whereas FGP was 83.3% in the control, it significantly re-
duced as exposure time to cold shock persisted. FGP in
the seeds exposed for 12 h was 40.0%, and this represented
a 51.98% loss in germination when compared with the
control. Generally, loss in germination also increased with
persistence in exposure time to cold shock.

Germination indices were calculated during the course
of the study and presented in both Tables2 and 3. The
time taken for the first germination to occur in the con-
trol was 29.5 h (Table2). However, this time was further
delayed upon exposure of the plant to cold to as much
as 30.1 h, although this delay was minimal (p > 0.05).
However, the time taken to reach the last germination
was significantly delayed when the plants were exposed
to cold shock for more than 6 h prior to germination
(116.2–134.8 h), as compared to 98 h in the control seed-
ling. For such a plant also, it was observed that they did
not attain 50% germination as compared to the control

plant which attained 50% germination in 80.4 h. Table2
also shows that the speed of germination was reduced
upon exposure to cold shock; germination seed in the
control was 68.9% per hour compared to 105.4% per
hour in seeds exposed to cold shock for 12 h.

The results as presented in Table3 show that there were
no significant changes in mean germination time irrespect-
ive of exposure of the plant to cold shock (111.6–116.6 h,p
> 0.05). Similarly coefficient of the velocity of germination
expressed as the number of plants per day also did not sig-
nificantly differ when control seeds were exposed to cold
shock. Results varied from 0.206–0.215 per day. Germin-
ation rate as calculated in the present study however has
significantly decreased from 1.6 seeds per day in the control
compared to 0.5 seeds per day when exposed to 12 h of
cold shock (p = 0.036). Similarly, mean daily germination
also significantly increased from 12.9% per day in the con-
trol to 4.3% per day in seeds exposed for 12 h.

Table 1 Effects of cold shock germination parameters of maize at 7 days after germination initiation

Parameters Control 0.5 h 1.5 h 3 h 6 h 12 h p value

Length of prominent root (mm) 141.8a 107.2b 91.4b 97.2b 104.4b 108.2b 0.054

Length of prominent leaf (mm) 100.6a 83.6b 62.6b 83.4b 85.5b 76.2b 0.128

Length of sheath (mm) 46.2a 45.6a 31.6a 46.3a 46.6a 48.8a 0.302

Number of roots b 6a 9a 8a 7a 7a 7a 0.429

Height (mm) 78.6a 67.7bc 52.3c 76.6ab 66.9bc 65.8c <0.001

Chlorophyll content (CCI) 3.7a 4.8a 6.9a 5.3a 5.6a 4.7a 0.082

Wet weight of root (g) 0.08a 0.06a 0.07a 0.08a 0.07a 0.04a 0.128

Wet weight of seedling (g) 0.24a 0.25a 0.16a 0.19a 0.22a 0.21a 0.219

Wet weight of leaf (g) 0.15a 0.15a 0.09a 0.25a 0.19a 0.14a 0.256

Wet weight of seed (g) 0.17a 0.26a 0.12a 0.23a 0.2a 0.22a 0.186

Dry weight of root (g) 0.04a 0.07a 0.05a 0.04a 0.06a 0.07a 0.267

Dry weight of seedling (g) 0.05a 0.05a 0.06a 0.07a 0.05a 0.06a 0.142

Dry weight of leaf (g) 0.04a 0.06a 0.08a 0.06a 0.06a 0.05a 0.464

Dry weight of seed (g) 0.11a 0.11a 0.14a 0.12a 0.09a 0.11a 0.392

Mean on a similar row with the same alphabetic superscripts do not differ from each other (p > 0.05)
aSeeds exposed in water for 2 days prior to shock
bPresented to the nearest integer

Plate 1 Experimental treatments at 7 days after germination initiation or 5 days after exposure to cold shock
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Total sugars in the plumule were 5.3 mg/ml at 24 h
after seeds were exposed to cold shock (CS) for 5 h,
compared to 6.2 mg/ml in the control. However, at 60 h
after exposure, total sugar ranged from 13.2 to 17.3 mg/
ml in the seeds exposed to cold shock, compared to
20.1 mg/ml in the control (Fig.6a). In the radicle, how-
ever, sugars ranged from 12.0 to 18.8 mg/ml 24 h after
exposure to 25.4 to 31.4 mg/ml at 60 h after exposure,
not minding the level of seed explore (Fig.6b). Residual
sugars were higher in the control (20.3 mg/ml) than in
the exposed germinants (10.3–17.2 mg/ml) at 60 h fol-
lowing the exploration (Fig.6c).

The RAPD marker presented showed variation in ger-
minated maize seeds after treatment with different
duration of low temperature (Fig.7). The test plantlets
treated for 0 min, 30 min, and 1.5 h have an unrecognizable
complementary sequence to the primer OPA04, whereas
the regions of the genome of test plantlets treated for 3, 6,
and 12 h were amplified by the primer. These plantlets were
subjected to a long duration of stress by low temperature

and may have provided some adaptive mechanism which
the primer OPA04 recognized. Sample 4 (3 h of stress) had
4 bands of sizes 500, 600, 700, and 800 bp. Sample 5 (6 h)
had the same 500 and 600 bp fragments but had another
550 bp product that was absent in sample 4. The plantlets
subjected to the longest duration of cold stress in this study
(sample 6) had smaller fragments of about 100, 180, and
400 bp alongside the other bands observed in samples 4
and 5 (Fig.7).

Primer OPA05 presented diversity among maize seed-
lings stressed for various durations. The banding pat-
terns observed in Fig.8 are different for all treatments.
The fragment of about 1200 bp was the only band com-
mon to the six treatments. Treatment 3 had only the
1200 bp band while the others had polymorphic bands.
Test plants stressed for 30 min had a unique fragment
of 200 bp. Those stressed for the longest duration of 12 h
had a band of about 350 bp absent in the other treatments.
There was also a 300 bp product observed in samples that
went through 3 h of cold stress. In comparison with the

Fig. 4 Progression in germination percentages of germinant exposed to cold shock at different time intervals

Fig. 5 Final germination percentage at 7 days after exposure to cold shock (FGP final germination percent, LGP loss in germination percent)
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control (sample 1), plants stressed for 30 min, 3 h, and 12
h had more similar amplified products than those stressed
for 1.5 h and 6 h. OPA05 presented a high level of diver-
sity among the various duration of cold stressed maize
seedlings.

There was no amplification in both the stressed maize
seedlings and the control when primer OPA08 was used.
This primer had no recognizable sequence in the gen-
ome of maize extracted in this study (Fig.9).

Discussions
The result obtained from the experiment carried indi-
cated that exposing maize germinants to cold shock had
a significantly negative effect on germination. It was well
noted that the control had a higher percentage of ger-
mination compared to the other maize germinates ex-
posed to cold shock; therefore, implying that cold shock
drastically reduces or slows down germination. During
the course of the experiment, it was noticed that time
taken to reach the last germination was significantly de-
layed when plants were exposed to cold shock for more
than 6 h prior to germination. It was noticed also that
no significant changes were made in mean germination
time irrespective of exposure to cold shock (p = 0.613).
The coefficient of the velocity of germination also had
no significant changes (p = 0.427). Stress resulting from
very low temperature (chilling stress) significantly affects

germination, delays plant development, and reduces
seedling vigor which culminate in yield loss. This stress
induces deficiency in shoot water as a result of decreased
uptake of water by the roots (Stewart et al.1990; Kang
and Saltvelt2002; Wang et al.2012).

Recent studies on maize revealed that chilling severely
damaged the shoot and growth attributes, compared with
control. Significant reductions in lengths of prominent
leaves and roots respectively, as well as the heights of the
plants, were reported. Chilling stress could also cause a nec-
rotic lesion on leaves, delay leaf development, prolong cell
cycle with decreased cell production, induce wilting, and in-
crease susceptibility to pathogens and diseases (Korkmaz
and Dufault 2001; Rymen et al.2007). Cold shock (chilling
stress) also has a negative effect on growth parameters, and
the following observations were made: impaired root length
and low chlorophyll index (CCI). Dry weight and wet
weight were both significantly changed.

Tissue necrosis resulting from compromised mem-
brane integrity and altered enzyme activities are negative
impacts of chilling stress (Chinnusamy et al.2007). This
is related to changes in DNA, RNA, and protein struc-
tural make-up as a result of excessive ROS generation is
a consequence of plant exposure to cold stress. This
may be related to the ability of cold stress to induce os-
motic imbalance as well as alter the plants’ metabolism
at its cellular level. Thus, there is a decreased amount of

Table 2 Germination index I of the test plant upon exposure to cold shock

Time of
exposure (h)

Time for the first
germination to occur (h)

Time for the last
germination (h)

Time for spread (h) Peak germination
time (h)

T50 (h) Speed of
germination (%h−1)

0 29.5a 98.4b 68.9c 98.4b 80.4a 68.9b

0.5 30.1a 101.6b 71.5bc 101.6b 93.6a 71.5b

1.5 29.3a 98.6b 69.3c 98.6b 95.2a 69.3b

3 28.5a 91.4b 62.9c 91.4b 84.7a 62.9b

6 27.6a 116.2ab 88.6b 116.2ab 0b 88.6ab

12 29.4a 134.8a 105.4a 134.8a 0b 105.4a

p value 0.310 < 0.001 0.046 0.128 0.116 0.033

The mean on a similar column with the same alphabetic superscripts do not differ from each other (p > 0.05)
T50 time taken for 50% of the total number of seeds to be germinated, beginning with the very moment seeds was exposed to ice (2 days after initiation
of germination)

Table 3 Germination index II of the test plant upon exposure to cold shock

Time of
exposure (h)

Mean germination
time (h)

Coefficient of the velocity
of germination (d−1)

Germination
capacity (%)

Germination
rate (d−1)

Mean daily
germination (%d−1)

0 116.2a 0.207a 90.5a 1.6a 12.9a

0.5 113.8a 0.211a 70.5b 1.4a 10.2ab

1.5 115.9a 0.207a 60.7b 1.1ab 8.6ab

3 111.6a 0.215a 50.5c 1.1ab 7.1ab

6 114.6a 0.211a 40.5cd 0.8bc 5.7bc

12 116.6a 0.206a 30.0d 0.5c 4.3c

p value 0.613 0.427 0.002 0.036 0.067

The mean on a similar column with the same alphabetic superscripts do not differ from each other (p > 0.05)
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Fig. 6 Total residual sugars in maize a plumule, b radicle, and c germinated seed 60 h after exposure to cold shock regimes (h.aCS hours after
exposure to cold shock)

Fig. 7 RAPD-PCR gel photograph showing genetic variation using primer OPA04. Keys: L; 100 bp ladder, 1 no cold shock, 2 0.5 h cold shock, 3
1.5 h cold shock, 4 3 h cold shock, 5 6 h cold shock, and 6 12 h cold shock
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