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ABSTRACT

There has been some concern about using small seeds
that may result from seed position on the ear or poor growing
conditions for seeding hybrid maize. This study was designed to
investigate the effect of seeding three commercial maize crosses
(Single Cross 2010, Three-Way Cross 310 and Three-Way
Cross 321) with three seed sizes (large, medium and small)
under seven salinity levels of irrigation water (Zero, 2500, 5000,
7500, 10000, 12500 and 15000 ppm). Emergence and seedling
traits were recorded under controlled environment in a split-
split plot, in a complete block design, with three replicates. The
different salinity levels highly significantly affected germination
(%), plumule length, radical length, plumule weight, radical
weight and seedling weight. Such traits were, gradually,
decreased in response to increasing NaCl concentration.
Significant differences were observed in plumule length among
the studied maize hybrids all over different seed sizes and
salinity levels. A significant effect of interaction between salinity
levels and maize hybrids was revealed for germination (%o),
plumule length and plumule weight. Different seed sizes of the
hybrids significantly affected radical length and plumule
weight. A significant interaction effect of salinity levels by seed
sizes was revealed for plumule weight. There was a non-
significant interaction of hybrids by seed sizes on any of the
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studied traits. However, significant effects of three-way
interaction (salinity x hybrids x seed size) were revealed on
radical weight and seedling weight. The results suggested that
sowing large seed sizes of the studied maize crosses could
improve germination and seedling vigor associated with better
germination vigor under high levels of irrigation water salinity.

INTRODUCTION

Maize (Zea mays L.) is an essential cereal crop grown in the
summer and late-summer seasons in Egypt. It is essentially used as
animal and poultry feed and, recently, the maize flour has been
recommended to be mixed with wheat flour to overcome the shortage of
wheat production in Egypt. Attempts to increase maize production could
push growing maize to new areas with marginal nature. In the north-west
coast of Egypt, as well as many other areas, maize could face the problem
of saline irrigation water, where drainage water is mixed with fresh Nile
water to be used for irrigation in such areas.

Maize is considered a moderately salt—sensitive plant (Maos and
Hoffman, 1977). The major deleterious effects of salinity on plants has
been attributed to direct high osmotic effects on germination and growth,
consequently, inhibition of water availability and toxic effects of salt ions
(Levitt, 1980). These negative effects resulted in progressive reduction in
growth and grain yield (Marchner et al., 1981).

Further research is required to clarify the effects of seed size, maize
hybrids, varying levels of salt irrigation water and their interactions on
seed germination and other related seedlings traits.

MATERIALS AND METHEDS

The present investigation was carried out at the Crop Science
Department, Faculty of Agriculture, EL-Shattby, Alexandria University,
in summer 2004 under laboratory controlled environment. Three
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commercial maize crosses; namely, single cross2010 (SC2010), three-

way cross 310 (TWC310) and three-way cross 321 (TWC321), were used

in this study. Three different seed sizes; i.e., large, medium and small,

were sorted out of the three crosses, based on the number of seeds per

100g, as described in Table 1.

Table (1): Average number of seeds/100g for three different sizes of
three maize hybrids.

] Maize Hybrids
Seed size
SC2010 TWC310 TWC321
Large 270 217 223
Medium 327 245 249
Small 435 302 297

The different seed sizes of the different crosses were watered with
seven salinity levels; namely, zero, 2500, 5000, 7500, 10000, 12500 and
15000 ppm sodium chloride. Ten pure hybrid seeds were sown on
germination paper in a sterilized Petri dish and watered with 10 ml of a
sodium chloride concentration each time in four days intervals. A split-
split plot arrangement, in a complete block design, with three replicates
was followed, where the seven salinity levels were randomly assigned to
the main plots. The three commercial maize crosses were randomly
assigned to the sub-plots. The sub-sub-plot was presented by a Petri dish
occupied with a seed size of the different seed sizes of a cross. The
experiment was conducted under controlled environment in a germinator
(Herceus, Germany) on 30/25 C° day/ night temperature.

After fifteen days from sowing, the following data were collected:

1- Germination (%): As a percentage number of normal seedlings to total
sown seeds on a Petri dish basis.

2- Plumule length (cm): Length of plumule for five normally germinated
seedlings of each Petri dish.
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3- Radical length (cm): Average length of radical and secondary roots
for five normal germinated seedlings of each Petri dish.

4- Plumule weight (g): Average fresh plumule weight of normally
germinated seedlings on a Petri dish basis.

5- Radical weight (g): Average radical weight of normal seedling on a
Petri dish basis.

6- Seedling weight (g): Average whole fresh weight of normally
germinated seedlings on a Petri dish basis.

Analyses of variance were performed on the studied traits
following the split-split plot model, using the GLM procedures of SAS
(SAS Institute Inc. 2000). The differences among means of various traits
were tested according to the least significant difference test (Lsdpos), as
stated by Steal and Torrie (1984).

RESULTS AND DISCUSSION

Analyses of variance for the effects of NaCl concentration, maize
crosses, seed sizes and their interactions on the germination percentage
and the studied seedling traits are presented in Table 2.

1- Germination (%) :-

Salinity levels of irrigation water highly significantly affected
germination percentage (Table 2). On the other hand, there were non-
significant effects of the hybrids and seed size on germination. However,
the interaction between salinity levels and hybrids had a highly significant
effect, while, the other two and three-way interactions (among salinity
level, hybrids and seed size) did not significantly affect germination
(Table 2).
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Table (2): Mean squares of germination percentage and seedling traits as
affected by salinity levels, hybrids and seed sizes.

Sour_ces of df Germination Plumule | Radical Pl_umule R_adical Se_edling
variance (%) length (cm) fength (cm)| weight (g) | weight (g) |weight (g)
Replications 2 1820.6 63.39 136.47 0.005 0.015 1.14
Salinity levels (S)| 6 | 13018.3" | 2691.96" | 11558~ | 0.558" 0.268" 6.68"
Error “a” 12 1984.2 31.07 20.63 0.006 0.020 0.20
Hybrids(H) 2 344.4 40.20” 16.70 6.002 0.004 0.002
S X H 12 | 22525™ 23.60 7.58 0.0117 0.008 0.005
Error “b” 28 1031.5 7.59 6.39 0.003 0.004 0.007
Seed sizes (Z) | 2 144.4 12.31 10.67" 0.005" 0.002 0.002
SXZ 12 48.8 2.35 3.81 0.003" 0.004 0.005
HXZ 4 41.3 3.50 2.96 0.001 0.004 0.002
SXHXZ 24 101.2 7.50 1.85 0.001 0.008" 0.008"
Error “C” 84 123.8 4.42 2.18 0.001 0.003 0.004

*, ** = Significant at 0.05 and 0.01 levels of probability, respectively.

Figure (1) shows a progressive declining germination for all hybrids
with ascending salinity level of irrigation water. Mean germination
percentages, as affected by salt concentrations, maize hybrids and their
interaction are summarized in Table 3. The hybrid SC2010 had the
highest germination mean (98.8%) under distilled water, while both
hybrids SC2010 and TWC321 had the lowest germination mean (22.3%)

under the highest concentration of salinity (15000 ppm).
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The deleterious effect of salinity on germination was confirmed by
previous researchers; such as Chandru et al. (1993), Katerji et al. (1994),
Begum et al. (1996), Atta and Leilah (1999), Kara and Keser (2001) and
Ashrafuzzaman et al. (2002).

Similar results supporting the present ones of the non-significant
effects of seed size on germination were reported by Graven and Carter
(1990), and Nafziger (1992). While, Munchene and Gerogean (1997),
Mazur and France (1994), Abou-Bakr and Abou-Sitta (1995) and Kanta
et al. (2002) reported significant effects of seed sizes on germination
percentage. However, these contrasting results among researchers could
due to different maize germplasm under varying environmental factors
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Figure (1): Effects of salinity levels and maize hybrids on
germination.
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Table (3): Mean germination (%) and plumule length (cm) as affected by
salinity levels, maize hybrids and their interaction over seed sizes.

L Maize hybrids .
Trait Salinity level sc T7we T Twe Salinity levels
(P-pm) 2010 | 310 | 321 means
0.00 98.8 | 91.1 96.6 95,53
2500 91.1 | 956 | 97.8 94.8a
5000 88.9 | 85.6 934 89.3ab
7500 534 | 634 80.0 65.6bc
Ge”?oi/:;‘tion 10000 389 | 489 | 400 42.6cd
12500 23.4 | 50.0 | 50.0 41.1cd
15000 223 | 245 22.3 23.0d
Hybrids mean 59.5a | 65.6a | 68.6a
Lsdy g5 for interaction = 20.4%
0.00 195 | 175 21.0 19.3a
2500 14.1 14.7 15.7 14.8b
5000 6.3 9.5 8.2 8.0c
Plumule 7500 4.6 6.0 5.6 5.4cd
length 10000 36 | 36 | 44 3.9de
(cm) 12500 32 | 34 | 34 3.3de
15000 16 2.2 19 1.9e
Hybrids mean 7.6b | 8.1ab | 8.6a
Lsd ¢ o5 for interaction = 4.65 cm

() Means for each factor, for each trait, followed by the same letter(s) are not
significantly different at 0.05 level of probability.

2- Plumule length:

Analysis of variance (Table 2) shows highly significant effects of
salinity levels, hybrids and their interaction on the plumule length.
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However, seed size and its two-way interactions with hybrids and salinity
levels had non-significant effects on plumule length. Furthermore, the
three-way interaction did not significantly affect plumule length.

The plumule length consistently decreased for all hybrids in
response to increasing salinity levels (Fig. 2), where the mean of such
length was the highest (19.3cm) under distilled water and the lowest (1.9
cm) under 15000 ppm level (Table 3). Three-way cross 321 had
significantly longer plumule length (8.6cm) than Single Cross 2010
(7.6cm); while, three-way cross 310 had an intermediate plumule length
(8.1cm) and was non-significantly different from both TWC321 and SC
2010 (Table 3).

The significant interaction of hybrids with salinity levels explains
different response of hybrids under the different salinity levels, where the
longest plumule was for TWC321 (21.0cm) when treated with distilled
water, while the shortest plumule (1.6 cm) was that of SC2010, when
treated with 15000 ppm of NaCl.
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Figure (2): Effect of salinity levels and maize hybrids on
plumule length.
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3- Radical length:-

Analysis of variance (Table 2) further indicates significant effects
of salinity levels (at 0.01 probability level) and seed size (at 0.05
probability level) on radical length. However, all first-order and second-
order interactions among hybrids, salinity levels and seed sizes did not
significantly affect radical length.

Figure (3) illustrates an evident decline in radical length with
increasing salinity levels. Mean radical length ranged from 31.6 cm (for
hybrid 310) under distilled water to 2.2 cm for both hybrid 2010 and
hybrid 310 under 15000 ppm salinity level. Furthermore, Figure 3 shows
a similar response of the three studied hybrids under the increasing
salinity level, which coincided with the results of Table (2), where non-
significant differences were evident among the hybrids in their response
to salinity.
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Figure (3): Effect of salinity levels on radical length of different
hybrids.
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4- Plumule weight:

Analysis of variance (Table 2) reveals highly significant effects of
salinity levels and seed size on plumule weight. Furthermore, the two-
way interactions (salinity X seed size) and (salinity X hybrids) had highly
significant effects on plumule weight.

Figure (4) shows that the plumule weight was markedly decreased
in response to increasing salinity levels for all seed sizes. However, the
prominent decline in plumule weight, with ascending salinity, was not
associated with significant differences among hybrids (Table 2).

Table (4) indicates that TWC310 had the lightest plumule (0.399)
under distilled water, while it had the heaviest plumule under the most
stressful salinity level (0.04g), which could be in agreement with a
significant hybrid x salinity interaction (Table 2). Additionally, TWC321
had the highest plumule weight (0.51g) under distilled water, while
SC2010 had the lowest (0.03g) under 15000 ppm of salinity level (Table
4).

In General, Figure (4) illustrates heavier plumule for large size of
seeds all over salinity levels. Moreover, Table (5) illustrates the plumule
weight of the different seed sizes under different NaCl levels where the
large seed size had the highest plumule weight (0.50g) under distilled
water, while the three sizes had the same plumule weight (10.04g) under
the most stressful level of salinity (1500 ppm).
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Figure (4): Effects of salinity levels and seed size on plumule weight.
Table (4): Mean plumule weight (g) as affected by salinity levels, maize
hybrids and their interaction.

Salinity level Maize hybrids Salinity levels
(ppm) SC2010 TWC310 TWC321 means
0.00 0.44 0.39 0.51 0.45a"
2500 0.14 0.27 0.18 0.20b
5000 0.13 0.13 0.12 0.13c
7500 0.10 0.10 0.09 0.10cd
10000 0.07 0.06 0.06 0.06de
12500 0.05 0.06 0.05 0.05e
15000 0.03 0.04 0.04 0.04e
Hybrids mean 0.14a 0.15a 0.15a
Lsdo g5 for interaction = 0.043g

(*) Means for each factor followed by the same letter/s are not significantly different at
0.05 level of probability.
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Table (5): Mean plumule weight (g) as affected by salinity levels, seed size
and their interaction.

Seed Size
Salinity level (ppm) Large Medium Small Salinity levels means
0.00 0.50 0.42 0.42 0.45a*
2500 0.20 0.20 0.19 0.20b
5000 0.13 0.13 0.12 0.13c
7500 0.10 0.09 0.08 0.10cd
10000 0.07 0.07 0.06 0.06de
12500 0.05 0.06 0.05 0.05e
15000 0.04 0.04 0.04 0.04e
Hybrids mean 0.16a 0.14b 0.14b

Lsdg g5 for interaction = 0.035¢g

() Means for each factor followed by the same letter/s are not significantly different at
0.05 level of probability.

5- Radical weight:

Analysis of variance (Table 2),also resulted in a significant effect
(at 0.01 probability level) for both salinity levels and the second degree
interaction of salinity x hybrids x seed size on radical weight. None of the
other main factors or interactions had a significant effect on such trait.

Figure (5) illustrates a prominent oppositional effect of ascending
salinity levels on radical weight. Mean radical weight dramatically
declined from 0.40g, under distilled water, to 0.11g under the stressful
salt water of 15000 ppm.

Means of radical weight, as influenced by salinity levels, hybrids
and seed size, are summarized in Table 6. The heaviest radical was that of
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large seed sizes of TWC310 and TWC321 under distilled water (0.429),
while, the medium size of TWC310 and TWC321 had the lightest radical
(0.07g) under 7500 ppm and 1500 ppm, respectively. These contrasting
results were evident for highly significant second-order interaction among
salinity levels, hybrids and seed size.
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Figure (5): Effect of salinity levels (ppm) on radical weight (g) and
seedling weight (g).

6- Seedling weight:

Analysis of variance (Table 2) reveals a further significant influence
(at 0.01 probability level) of salinity levels and the second-order
interaction of salinity, hybrids and seed size (at 0.05 probability level) on
seedling weight. Neither the main effects (of hybrids and seed size) nor
the two-way interactions among the three factors significantly affected
the seedling weight.

Table (7) shows that the small seed size of TWC321, under distilled
water, had the highest mean seeding weight (0.85g), while, the small seed
size of TWC 310 had the lowest mean seedling weight (0.27g) under the
highest salt concentration of 15000 ppm. These mean differences are in
agreement with the significant three-factor interaction (Table 2).
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Table (6): Means of radical weight (g) as affected by salinity level, hybrids
and seed size interactions.

. i Maize hybrids

Salinity Hybrid

level (ppm) Large Medium Small

TWC310 0.42 0.39 0.39

0.00 TWC321 0.42 0.39 0.40

SC2010 0.41 0.38 0.34

TWC310 0.24 0.26 0.18

2500 TWC321 0.26 0.25 0.23

SC2010 0.22 0.22 0.25

TWC310 0.19 0.14 0.20

5000 TWC321 0.17 0.21 0.19

SC2010 0.17 0.14 0.17

TWC310 0.10 0.07 0.11

7500 TWC321 0.10 0.13 0.12

SC2010 0.09 0.13 0.18

TWC310 0.23 0.30 0.22

10000 TWC321 0.32 0.42 0.31

SC2010 0.35 0.27 0.40

TWC310 0.20 0.18 0.11

12500 TWC321 0.18 0.17 0.15

SC2010 0.20 0.19 0.19

TWC310 0.10 0.14 0.31

15000 TWC321 0.17 0.07 0.10

SC2010 0.26 0.14 0.09

Lsdq o5 between different salinity under the same or different hybrids = 0.065g.

Lsdg o5 between different salinity under the same or different seed size = 0.063g.

Lsdg o5 between the same salinity and the same hybrid under different seed size= 0.063g.
Lsdg o5 between the same salinity and the same seed size under different hybrids=0.07g.
Lsdq o5 between the same hybrid and the same seed size under different salinity = 0.082g.

Figure (5) illustrates a prominent decline in seedling weight as an
effect of increasing salinity levels. Mean seedling weight dramatically
declined from 0.74g, under distilled water, to 0.28g under the most
stressful salt concentration of 15000 ppm.

The results of the present study had the same trend of the salinity
effects on seedling traits obtained by many other researchers. Such
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results are in agreement with those of Yermanos et al. (1964), Ghorashy
et al. (1972), Gramer et al. (1990), Evlagon et al. (1990), Chandru et al.
(1993), El-Sayed and Migahid (1993), Katerji et al. (1994), Abou-Bakr
and Abou-Sitta (1995), Begum et al., (1996), lzzo et al. (1996),
Ashrafuzzaman et al. (2002) and Kaya et al. (2003).

Table (7): Means of seedling weight (g) as affected by salinity level, hybrids
and seed size interactions.

Salinity level Hybrid Maize hybrids
(Ppm) Large Medium Small
TWC310 0.83 0.71 0.68
0.00 TWC321 0.78 0.64 0.85
SC2010 0.79 0.80 0.63
TWC310 0.45 0.62 0.47
2500 TWC321 0.47 0.50 0.48
SC2010 0.43 0.39 0.47
TWC310 0.44 0.44 0.43
5000 TWC321 0.42 0.41 0.38
SC2010 0.41 0.44 0.48
TWC310 0.32 0.33 0.31
7500 TWC321 0.37 0.38 0.37
SC2010 0.34 0.37 0.38
TWC310 0.31 0.31 0.32
10000 TWC321 0.32 0.35 0.31
SC2010 0.29 0.30 0.32
TWC310 0.29 0.31 0.32
12500 TWC321 0.36 0.33 0.32
SC2010 0.39 031 0.30
TWC310 0.28 0.28 0.27
15000 TWC321 0.29 0.28 0.28
SC2010 0.28 0.28 0.28

Lsdo o5 between different salinity under the same or different hybrids = 0.183g.

Lsdo o5 between different salinity under the same or different seed size = 0.180g.

Lsdg 05 between the same salinity and the same hybrid under different seed size= 0.072g.
Lsdo o5 between the same salinity and the same seed size under different hybrids=0.082¢
Lsdg.05 between the same hybrid and the same seed size under different salinity = 0.190g.
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